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PREFACE 


This book constitutes the fifteenth volume of the 
series containing the proceedings of the General Meet- 
ings of the American Iron and Steel Institute. The first 
volume, containing the proceedings of the First General 
Meeting, held in New York on Friday, October 14, 1910, 
and continued in Buffalo, Chicago, Pittsburgh and Wash- 
ington, was published under the title ‘‘Proceedings of 
the American Iron and Steel Institute.’’ In 1911, no 
General Meetings were held. In 1912 and subsequently 
two General Meetings have been held each year with 
the single exception of the year 1918, the October Meet- 
ing of that year being omitted because of war activities. 
In 1912 the proceedings were first published under the 
title “‘Year Book of the American Iron and Steel Insti- 
tute,’’? and this title has been continued in subsequent 
volumes. 

The present volume contains the proceedings of the 
Twenty-seventh General sea held at the Hotel Com- 
modore, New York, May 22, 1925, and the proceedings 
of the Twenty-eighth General Masking, held at the Hore! 
Commodore, New York, October 23, 1925. 


Howarp H. Cook, 
Assistant Secretary. 
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AMERICAN IRON AND STEEL 
INSTITUTE 


TWENTY-SEVENTH GENERAL MEETING | 
New York, May 22, 1925 


The Twenty-seventh General Meeting of the American 
Iron and Steel Institute was held at the Hotel Commo- 
dore, New York City, on Friday, May 22, 1925. 

Following the usual custom, three sessions were held. 
In order to provide sufficient accommodations for the 
large number present, the morning session was held in 
the Grand Ballroom. The afternoon session was held in 
the East Ballroom. The evening session, which included 
the semi-annual dinner, was held in the Grand Ballroom. 
The sessions were devoted to the reading and discussion 

of papers dealing chiefly with problems of metallurgy 
~ and business. 

On the following page will be found the program of 
the meeting. Judge Gary, President of the Institute, pre- 
sided at the opening of the morning session. At the 
close of his address, Judge Gary requested Mr. John A. 
Topping, Vice-President of the Institute, to take the 
chair. At the request of the President, Mr. KE. aoe. 
Clarke, Secretary of the Institute, presided during the 
afternoon session. Judge Gary acted as toastmaster at 
the banquet in the evening. 
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ADDRESS OF THE PRESIDENT 


Exsert H. Gary 
Chairman, United States Steel Corporation, New York 


The iron and steel business in the United States 
at present is prosperous, as compared with the latter 
part of 1913, for instance, and many other temporary 
periods that might be mentioned, yet it is not in some 
respects entirely satisfactory. It is not quite as good as it 
ought to be when one considers the underlying conditions 
of the country. Notwithstanding it has been the in- 
clination and effort of the leaders in this industry, or 
many of them at least, so far as they legitimately could, 
to encourage stability and confidence, there are wit- 
nessed, from time to time, fluctuations and hesitations in 
the natural progress of business that are unreasonable 
and uncalled for. This is to be deplored. It is unhealthy 
and adversely affects the whole business structure. Lt 
is proper for all of us to consider and to discuss reasons 
and remedies. 

The infirmities affecting business are somewhat analo- 
gous to those of humankind. Indeed, the former often 
depend on or are influenced by the latter. 

When the individual person is complaining the medical 
expert is or should be consulted. A diagnosis of the 
ease is made or attempted. Sometimes the causes and 
effects are discovered and explained and a prognosis 
pronounced. If it is favorable the patient is immedi- 
ately on the way to recovery, in sentiment at least, 
which, if the decision has been accurate, becomes actual. 

Some diseases of the human system are chronic and 
even incurable. Others are acute. Some are contagious, 
others infectious. Some are constitutional and real. 
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Others more or less imaginary; even these are danger- 
ous, for they may develop into reality. If the medical 
expert in charge finds the patient is possessed of a strong 
constitution, bolstered by good common sense, his prog- 
nostication is apt to be much more favorable. 

You who are listening are familiar with these general 
principles; and you are competent to make application 
of them so far as they are pertinent to your business. 

If the business system of this country is now, in any 
of its parts, physically or mentally, perceptibly below 
normal there must be reasons. And if so, it behooves 
every citizen to look for the reasons and to exert every 
effort to find and apply remedies; for successful progress 
and fair prosperity in business are always essential and 
of the first importance to the life, health and happiness 
of the people everywhere on earth. 

We of the iron and steel industry believe we are quali- 
fied to express the opinion that our business, although 
sound and enjoying better health than in other periods 
which might be mentioned, is unnecessarily affected by 
impediments and obstructions which, for purposes of 
discussion, may be classified as disease, even though we 
may not be competent to fully and accurately diagnose. 

We will now briefly consider the unfavorable features 
of the case and later may look to the other side. 

We cannot fail to bear in mind that the ill effects of 
the late stupendous world wars are still in evidence 
throughout the universe, although the extent has not 
and cannot as yet be fully appraised. The influence of 
these wars upon the political, the social, the financial, 
commercial, and industrial life of the entire world, of 
which we are an important part, will be felt for many 
years to come, but it is hoped with lessening degree. 
The disease of war was infectious and became epidemic. 
In this best of all countries we still suffer in many par- 
ticulars from its effects. We properly may charge 
against war and its influences many unhealthful con- 
ditions, moral, mental and physical. 
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Next, we have had good reason to complain of 
political situations. It is to be hoped they will be im- 
proved. If not, itis fundamentally the fault of the people 
generally; the voters, men and women. No reasonable 
person will find fault with the action of another who 
oceupies a political position of personal responsibility, 
if and when he or she acts strictly in accordance with his 
or her best judgment and moral perception; but there is 
always an obligation to make practical application up 
to the full limit of conscience and sense of duty, hav- 
ing in mind the public weal and subordinating personal 
benefit, political or otherwise. Not intending to disre- 
gard or minimize the efforts, the integrity or the ability 
of the vast majority of the splendid occupants of seats 
in the halls of our Congress, it may properly be observed 
that there is much done and also much undone in the 
Congress of the United States which is wrong, unneces- 
sary and injurious to the business of this country. 
There are political parties, well known, with formulated 
platforms, discussed, considered and then adopted. It 
is the duty of the adherents of these parties respectively 
to vote and act in accordance with these platforms ex- 
cept and unless moral conscience prevents. Likewise 
it is expected because established by our form of gov- 
ernment and practice under it, that a majority wil! de- 
termine the questions considered. All this is proper 
and necessary to good government and orderly, effec- 
tive procedure. This is the business part of Congress; 
a vital part of it. 

There would seem to be no reasonable doubt that dur- 
ing the late years there has been in the minds of some 
of the members of the Congress an attitude inimical 
to the principles already stated and to the best inter- 
ests of our people generally. The motives in some 
cases may have been good, in others questionable. Some 
have disregarded their party platforms and even their 
professed party. Some have antagonized the President 
on questions settled or voted upon by the large majority 
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of the voters. Some have opposed or overlooked the well 
considered and honest efforts of able governmental repre- 
sentatives. Some have assailed and abused worthy mem- 
bers of their own party. Some have obstructed or post- 
poned action concerning proper and necessary legislation ; 
they have ignored the welfare and defied the wishes of a 
large majority of the voters, and seem to have acted from 
motives which were personal, selfish and unworthy. They 
have in part succeeded, but whether this disposition, 
which has become an obsession with some men, will be 
permitted to continue in the future deserves attention. 
_ Concerning the specified subjects, ali the iron and steel 
industry requests or desires is that congressmen of all 
parties will subordinate personal benefit and desire to the 
general good of the nation, as determined by the majority 
when ascertained by vote, and in accordance with con- 
science and deliberative judgment. We do not intend to 
be a bloc seeking personal advantage; we do not believe 
in minority blocs which seek to dominate the affairs of 
the majority. They have been too common. 

The next cause of business disease to be mentioned is 
taxes. They are much too high, whether levied by Na- 
tional, State, Municipal or, in fact, any public organiza- 
tion possessing the power to levy and collect taxes. They 
include emphatically income and inheritance taxes; and 
they embrace all direct taxes and in instances indirect. 
They have become a terribly heavy burden in the United 
States. They have almost become chronic. We know by 
personal experience, or at least by the statements of 
reliable business men, that business activities have been 
decreased and not infrequently abandoned as the result 
of the heavy burdens of taxation. This subject has been 
discussed with vigor and force by the President and mem- 
bers of his Cabinet, and we endorse all that they have 
said. Persons who have been unreasonably standing for 
high and higher taxes do not realize that they are build- 
ing up conditions which have been or will be detrimental 
to themselves. Business generally sorely needs and there- 
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fore respectfully demands lower rates of taxation. All 
those connected with it are very grateful for what has 
already been done and said and attempted in this direc- 
tion. 

Again, the high costs of living in the United States and 
in other localities have become or are becoming a serious 
if not incurable disease. Not yet have the people generally 
awakened to a realization that every one, great or little, 
who demands and receives more than is reasonable and just 
is a spoke in the vicious wheel or circle which progressively 
moves around until it covers every one. The average 
person seems to entertain the belief that he or she can add — 
to his or her price for what is furnished without affecting 
others. Hence ina large majority of cases prices demanded 
and paid are extortionate. This is especially true in cases 
where the amounts involved are severally small; and it is 
still true in many of the trades, which involve the cost of 
building and add to the rent schedules. It is not neces- 
sary to be more specific. Any one, every one, making 
careful inquiry in regard to present and past prices may 
ascertain the facts in as much detail as necessary. Prices 
are not, as a rule, proportionately increased in the larger 
units of business. They are usually higher than they were 
before the war, but this is because the wage rates have 
doubled and more since the beginning of the war. This 
results from the high cost of living, and this has followed 
the extortionate, unnecessary and unreasonable demands, 
the high taxes, etc., etc., heretofore referred to. The large 
units generally, it is believed, are not receiving as much 
in net returns of business on the capital employed as be- 
fore the war. Certainly this is the fact in the iron and 
steel industry, and in many others that could be men- 
tioned. 

Business needs to be readjusted so as to bring all lines 
and divisions into fair and reasonable proportion and 
comparison just as much as the human body which has 
been bruised and dislocated. 

Possibly the worst disease that affects the business 
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structure, of the United States at least, is the abnormal, 
unnecessary, timid and ill-poised mental attitude of the 
managers themselves, including ourselves. 

If the medical expert, or his patient, becomes, or espe- 
cially if both become, alarmed, despondent, hopeless, leth- 
argic, the chance for improvement is poor indeed. With 
hope and belief, determination and energy, the case is 
much better. We know this from observation and testi- 
mony. We also realize that all this applies to the busi- 
ness man and the affairs under his care and supervision. 
The attitude, conversations, substance and manner of 
statements concerning the present conditions and future 
prospects of business often materially affect its progress 
and success. Indeed they not infrequently lead to one 
thing and another, until they become contagious up to the 
point of panic. The real pessimist, that is, the one who 
looks to the worst side of everything and insists upon 
talking about it, is very likely to become a pest; to be a 
party in pulling down his own house and burying himself 
in the ruins, and at the same time starting a conflagration. 

There is a right way and a wrong way of stating a fact 
for consideration by those who are not well advised. It 
is Just as proper to say: ‘‘ We consider business is good; 
it is up to seventy-five per cent. of producing capacity,’’ 
as it is to say: ‘‘ We consider business bad; it is down to 
seventy-five per cent. of producing capacity.’’ Which- 
ever expression is used, the result is the same—six or 
seven per cent. profit. The net returns of business will 
not be different, but the psychological effect on those who 
hear may be quite different. 

There is another form of business disease that should 
be mentioned. It grows out of a feeling of selfishness or 
envy, sometimes cupidity. It results in injury to the one 
who provokes or practices or bows to it. Itis natural for 
all of us to desire success, to prosper, to get our full share 
of business, proportionate to our producing capacity. If 
we think, because of reports, that our neighbor, our com- 
netitor, is securing more than his fair share of business, 
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-especially if he is selling to one who for years has been 
our regular customer, depending upon points of delivery 
and costs of transportation, we are apt to be provoked 
and to attempt to retaliate. 

We are all human. We perhaps occupy glass houses. 
We had better not throw stones. None are intended. If 
they were, the number of stones might not be sufficient. 
Before the number was fixed we would count every one 
in the room. That has nothing to do with the question. 
We believe in competition, in vigorous, energetic, un- 
yielding competition. This the law demands, and what 
is better, fair treatment of our customers requires. But 
we do not believe, or certainly most of us do not believe, 
in unfair, destructive, unrighteous competition, which is 
calculated to ruin the competitor. We believe in dealing 
openly, for we know in the long run this advances the 
interests of both producer and consumer; that stability 
and just dealing are desirable and beneficial to all who 
are interested. We also believe in fair and reasonable 
prices to the consumers, taking into account costs of pro- 
duction and delivery, and the same to the producers up 
to the maximum of practicability and moral principle. 

Perhaps all of us, producers and consumers, need to 
be vaccinated with the necessary virus against the dis- 
ease of selfishness, illiberality and lack of conscience. If 
so let us promptly submit. 

And, gentlemen, with all our vitality let us emphasize 
the fact that it will pay in dollars and cents to our princi- 
pals, the stockholders or owners of our concerns, to be 
fair and reasonable towards everyone interested in our 
affairs and our management. 

In every way let us furnish a good example. Then 
when we criticize or in any way refer to others we will 
be more likely to be given a hearing. 

Our country can prosper, has prospered, in spite of 
the objectionable and detrimental features referred to; 
and many if not most of them will be overcome by the 
exercise of intelligent thought. 
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But there is another side to the subject which has been 
considered. We may with confidence indulge in prog- 
nostications. 

First, let us refer to the fundamentals of our business 
structure; its constitution, on which depend health and 
vigor. We have something that is unequalled in any 
other part of the globe. It is permanent and it is grow- 
ing in strength year by year. It is the soil, the lands of 
the United States, located in latitudes which provide 
climate suitable for raising almost every variety for the 
necessities of life, rich, well watered, drainable, tillable, 
wooded, underlaid with richest minerals and health serv- 
ing conveniences. It now. can produce an income annu- 
-ally large enough to pay in full any one of the enormous 
national debts, including our own; and it is susceptible 
of immense increases in the years to come. 

In passing it may be observed the season’s crop out-, 
look is exceedingly good. This forecast properly might 
be extended to cover many features concerning human 
effort and intention throughout the world. 

And by parenthesis it may be remarked that if the 
Philippine Islands should be permanently maintained as 
a part of the United States, which the best interests of the 
peoples of both countries require, our range of products 
could be materially extended. If an honest free vote 
of the inhabitants of both were obtained, it would un- 
doubtedly be in favor of this proposition. 

The Creator of all things has so placed our planet in 
the solar system that by the unchangeable law of gravi- 
tation it is comfortable for the habitation of mankind; 
and He has given to us the privilege of living in a part of 
this planet that is as good as occupied by any nation in 
existence; and, all in all, perhaps the best. Her distance 
from the sun, her movements through space, daily and 
yearly, have provided a climate which is productive, 
healthful and comfortable. Her daily rotation fur- 
nishes the night and day for sleep and work, and recrea- 
tion between. We have the four seasons resulting from 
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the yearly revolution, which permits us to enjoy a 
changing and health-producing climate or to modify the 
extremes of the seasons by traveling from one place to 
another. If our atmosphere at the principal place of resi- 
dence is too cold at any time we can go south to Florida. 
If it is too warm, we can go to the Adirondacks or to the 
Rocky Mountains. If it is too wet and damp, we may visit 
California or Arizona. If we desire no change in tempera- 
ture for twelve months in succession, we can find it. 
If we need or wish to be exact in regard to a uniform 
temperature, we can follow the thermometer from place 
to place. And in doing all this we can remain in our 
beloved United States of North America. The same is 
true in regard to the special products from the ground 
in which we are most interested. This point could be 
carried much farther. It is sufficient to say that in no 
other large single country can be found so much that is 
desirable. 

And none of these blessings can be taken from the 
inhabitants of this country. They are here to remain 
so long as the earth shall last. We believe that means 
forever and forever. This is positive beyond doubt un- 
less the people bring destruction upon themselves by 
their own misconduct. ; 

Again we have an enlightened civilization protected 
by laws based on a Constitution which is clear, compre- 
hensive and just. 

The establishment and continuous maintenance of law 
and order are of prime importance. Without it there 
is no hope of safety or earthly happiness or comfort or 
of business success. We claim our Constitution is as 
near perfect as can be found. While our laws, especially 
as administered, do not always measure up to the prin- 
ciples of the Constitution, still they are generally pro- 
tective of life and property. We should be thankful that 
they are as good as we find them. Many reasons might 
be given for the assertion, but time does not permit. 

And then we have at present a Governmental Adminis- 
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tration that unalterably stands for the enforcement of 
the laws; not in a vindictive sense, but from the view- 
point of protection to all the people and every interest 
without discrimination. This is of great importance. It 
is vital to success. Many of the troubles afflicting busi- 
ness from time to time come from breaches of the law; 
from the use or attempted use of force to compel the 
acceptance of an idea or theory. What good business 
needs and demands is full observance and application 
of all laws without fear or favor. If we believe any law 
is wrong in principle it is safe to say the iron and steel 
industry will urge and seek a change, and unless and un- 
til this is obtained will endeavor to fulfill its require- 
ments. 

We are too grateful for the protection and honest 
administration of laws to willfully oppose them. We may 
make mistakes, but if they are really mistakes we shall 
be pardoned Weare we give evidence of a desire to 
remedy and to comply. 

Besides the present administration is disposed to aid 
all the people alike in legitimately securing progress and 
prosperity. The President and members of his Cabinet 
have publicly given expression in favor of reducing the 
unreasonable burdens created by taxation and other- 
wise. ‘hey have done much in this direction and will 
do more. The Budget:Director has rendered splendid, 
intelligent service. The Secretary of State, the Secre- 
tary of the Treasury, the Secretary of Commerce, the 
Secretary of Labor and others have been warm and 
effective supporters of the President in his efforts to 
bring relief to the people who have suffered from the 
weight of heavy burdens which properly may be reduced. 
Other members of the Cabinet are giving service which 
will benefit the people and the country. Our nation is 
being made safe from outside attack; both by friendly 
negotiation and safety facilities. Our national re- 
sources are being conserved and safeguarded. The wel- 
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fare of the people is under close scrutiny and careful 
consideration. 

The painstaking efforts of our Government under the 
guidance and direction of experienced, able and con- 
scientious leaders, are directed towards better, safer, 
more enlightened and more prosperous conditions for all 
the people. Never before within the memory of the mem- 
bers of this large audience has there been in these United 
States an administration which, in all respects, was 
better calculated to advance the best interests of the 
whole population. (Applause.) 

And, gentlemen, it is not over-bold to say it may be 
expected the Congress of the United States will support 
and stand by the President and his associates in the di- 
rections specified, for the great majority of the people 
of the country are behind the President and his colleagues 
in their endeavors. Are you among them? (Applause.) 
You are. 

When questions are presented which are entirely non- 
partisan, not covered by party platforms or resolutions, 
or which involve fundamental moral principles, it is im- 
material to consider what political party the voter 
belongs to. A righteous vote is evidence of a righteous 
man. 

It is not here intended to oppose or under-rate political 
parties or political partisans, nor to modify what has 
heretofore been said. 

Again we have in this country, taken as a whole, a 
good citizenship. Coming by birth or ancestry from 
other lands, they are virile, intelligent, industrious, 
moral and loyal. They assimilate and progress. They 
come out of the melting-pot improved and morally vigor- 
ous. There are, of course, many exceptions. Unfortu- 
nately many are taught, even in some schools and 
universities or subsidiaries, and even in churches or by 
churchmen, what is wrong and disloyal and injurious to 
themselves and to others; but this practice, while almost 
fashionable in certain quarters, will not produce perma- 
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nent results, because it will be demonstrated by experience 
that it is not only wrong, but is unprofitable from any 
honest or honorable viewpoint. 

Permanent, desirable, worth-while results come only 
from honest, fair, loyal and patriotic conduct; coming in 
any different way supposed achievement is a delusion 
and a snare. The large majority of citizens who have 
come here from foreign countries and have adopted and 
lived up to the principles of our Constitution and laws, 
have become splendid characters, successful, respected, 
influential and helpful. All of us are associated with 
them and have been benefited by the association; and the 
welfare of the country has been advanced by their efforts. 

Moreover, of practical magnitude in our considerations 
are the cash resources of the country. They are larg- 
est in our history, and increasing. As compared with 
any other country they are enormous. We are a creditor 
nation receiving instead of paying out large sums in 
interest. Our exports are greater than ever before in 
proportion to imports. The foreign trade balances in 
the future without reasonable doubt will increase from 
year to year. 

And the people generally have more money and are 
well supplied notwithstanding the inexcusable extrava- 
gances which are wide-spread and are to be deprecated. 
Much money is saved and deposited, so that the savings 
institutions and other banks, as well, have extraordinar- 
ily large balances on hand. Money is so plentiful that the 
bank rates of interest are unusually, if not unreasonably, 
low. 

Since dictating what has been said, there has been 
published in the newspapers of New York the following 
Associated Press dispatch: 


Wasuincoton, May 18, 1925.—Combined resources of 
the national banks of the United States amounted on 

_ April 6th, the date of the last bank call, to $23,832,- 
473,000, or an increase in the last twelve months of 
$1,769,575,000. 
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Every phase of national banking operations 
showed important increases. Loans and discounts 
of all the banks aggregated $12,468,836,000, an in- 
crease of more than half a billion in the year since 
the corresponding bank call of 1924. 

Total deposit liabilities amounted to $19,382,- 
947,000, an increase of $1,784,251,000 over deposits 
of a year ago. Included in the deposit liabilities were 
items of $3,418,841,000 as balances due to other 
banks and bankers and demand deposits, including 
Government deposits aggregating $10,175,895,000. 

Postal savings deposits included among the 
Government accounts were reported at $5,785,- 
211,000, an increase of $676,241,000. 


Now, added to this we must remember that the uses 
of steel are multiplying. Steel is not a luxury; it is a 
necessity and its purchase becomes more and more im- 
perative. Prospective buyers may postpone their pur- 
chases, but when they do their needs pile up, and it is 
only a question of time when the demand reaches a point 
where deliveries cannot in some instances promptly be 
made. Then purchasing will come with a rush. All this 
we know from experience. If at any time it is believed 
prices of our commodities are unreasonable, we cannot 
expect to sell. We ought never to charge more than is 
fair. If that shall be our attitude and the consumers are 
convinced of it, they will buy whenever they are in need. 

Conditions in foreign countries, financial, commercial 
and political, are surely, if slowly, improving, and will 
continue to grow better. This will favorably affect the 
industries of the United States. 

What has been said is not intentionally exaggerated. If 
it is accurate and reliable, then surely the steel business 
in the future should be good and fairly profitable, though 
interruptions and temporary declines in volume will be 
natural and also healthful. We shall find that none of 
the business diseases mentioned is either fatal or chronic. 

All that has been related, with much more that you 
will think of, is directly in favor of prosperity in the 


24 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


business of the United States, including the iron and steel 
industry. 

And we shall see changes for the better. We shall find 
cures for some of the unnecessary evils. There will be 
better conditions, politically, financially, socially, morally. 
United political parties will take the place of divided 
antagonistic elements. The party placed in political con- 
trol by the masses of the people will be supported in Con- 
gress and elsewhere in every reasonable effort to pro- 
tect and advance the welfare of the Nation. Taxes will 
be reduced. Law and order will prevail. Industrial mat- 
ters will be more equitably adjusted. The people more 
and more will recognize the great opportunities this coun- 
try affords and conclude that to secure the best results 
for every one there should be domestic peace and har- 
mony, a nation of united people considerate of the rights 
and obligations of all, increasing in power and influence 
and confident of the future. 

Does anyone here believe the advantages which have 
been mentioned outweigh the disadvantages that he can 
think of? If you answer in the affirmative, you have a cure 
or an antidote for the diseases of business and you are an 
optimist. If any of you believes the disadvantages are 
greater, then you are a pessimist. And if such condition 
of mind has overtaken you, it would be good for you to 
embark in business for a while in Russia, in Italy, France, 
Germany, or Great Britain. Remember, however, none 
of us would consent to your making the trial. We like 
you too well, and we need your association, your friend- 
ship and your assistance too much to let you go. 

At times you may be near enough to being a pessimist 
temporarily to look forward with misgivings and begin 
to prepare yourself to meet the situation. If this fully 
covers your case you are only a conservative optimist, 
and such are the best and the safest kind. Your Presi- 
dent, who is a pronounced optimist on the United States, 
believes in conservatism; in being prepared for emer- 
gencies. Decidedly this does not imply that at any time 


ADDRESS OF THE PRESIDENT 25 


we should sell our products at prices below cost or be- 
yond reason, because that only precipitates trouble and 
in the end injures the seller and the customer both. 

The iron and steel business will be all right if we who 
are conducting it shall do our part. This we pledge to 
the best of our ability. (Prolonged applause.) 


Jupcr Gary: You will now have the pleasure of 
listening to a paper entitled ‘‘ Blooming Mills and Bloom- 
ing Mill Practice’? by Mr. W. H. Bailey, Illinois Steel 
Company, Chicago, Ill. 


BLOOMING MILLS AND BLOOMING MILL 
PRACTICE 


W. H. Battery 


Illinois Steel Company, Chicago, Illinois 


The subject, Blooming Mills and Blooming Mill Prac- 
tice, is of interest to nearly all rolling mill men. Bloom- 
ing is in most cases one of the simplest operations em- 
ployed in rolling steel and ordinarily there is less neces- 
sity for deep study on the part of the steel works’ 
engineer who has a blooming mill to install than for any 
other type of mill. The reason for this lies in the fact 
that most of the blooming mills installed during recent 
years have been of the two-high reversing type, which 
has become almost standardized for ordinary sizes and 
capacities. Also, most of the blooming mills installed 
during recent years are motor driven and because the 
power required to operate motor driven mills is easily 
ascertained and is available, the power requirement 
problems are closely determinable. Occasions do oceur, 
however, where local conditions or demand for unusual 
capacity necessitates breaking away from standard prac- 
tice and where uncommon engineering features are in- 
volved. An instance of this nature is the blooming end 
of the Gary billet mill of the Illinois Steel Company, 
where tremendous tonnages are handled through nine 
independent stands of single pass blooming rolls ar- 
ranged in tandem. 

There are three outstanding types of blooming mills. 
The most important is the two-high reversing bloomer 
with its inherent possibilities of wide range of product 
and product sizes. Next in importance is the three-high 
hon-reversing type with a limited range of product and 
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product sizes; and third, the multiple stand tandem type 
with but a single pass through each stand, having also 
a limited range of product sections and sizes. Because 
the tandem type and the three-high bloomer are usually 
special purpose mills, more time will be given to illustrat- 
ing the two-high reversing type than to the others. 

Fig. 1 shows, in plan view, a modern 44” two-high re- 
versing bloomer. This particular mill is now under con- 
struction at the Homestead Works of the Carnegie Steel 
Company. It has no outstanding features of construc- 
tion that vary from modern practice with the exception, 
possibly, of the roll changing apparatus. Here, instead 
of removing the rolls individually and such of the roll 
bearings individually as may be necessary to allow for 
the removal of the rolls, it is contemplated to remove 
- both of the rolls and their bearings with one operation. 
The principal parts of the mill proper are of cast steel 
throughout. The rolls are 44” diameter maximum over 
the collars and 96” long over the bodies. The lift of the 
top rollis 4614”. The roll neck journals are 24” diameter 
by 24” in length. The mill screws are 14” in diameter 
with 2” pitch. The top roll is balanced by means of a 
single 17” diameter hydraulic cylinder earrying 600 
pounds pressure per square inch. The pinion housing 
and pinion housing cap are of cast steel, the housing is 
of the totally enclosed type made in two pieces and is 
bolted direct on the foundation. The pinions are 44” 
diameter each with 17 cut teeth of helical stub type. The 
pinion neck journals are 26" diameter and 3’3” long. 
The mill spindles are of the now generally adopted 
universal joint type approximately 22’ long. The mill 
tables have cast steel side frames of box section. The 
table rollers are 18” diameter and of cast steel, of hollow 
section, except the rollers in front of the manipulators 
and in the mill housings, which are solid forged steel. 
The table roller gears and line shaft gears run in oil and 
the roller bearings and line shaft bearings are self-oiling, 
all in accordance with latest modern practice. 
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Fig. 1—Plan of 44” reversing blooming mill, Homestead Works, Carnegie Steel Co. 
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Fig. 3—Plan of 40” blooming mill, Weirton Steel Company. 
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Figs. 2 and 2A show sectional elevation through mill 
and pinion housings and also sectional elevations through 
the manipulators and tables. The manipulators are elec- 
trically driven. The mill will be driven by a motor of 
7,000 H.P. continuous rating at 50°C. rise and will be 
capable of delivering 1,600,000-pound torque at one foot 
radius for each ingot. The principal product of this 
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Fig. 4—Plan of 40” reversing blooming mill, 


mill will be 7” x 9” to 12” x 15” axle blooms, 12 tor 24" 
beam shapes and slabs up to 40” wide. The standard 
size ingot will be 25” x 30” weighing 16,000 pounds. The 
mill will be provided with seven four- hole soaking pits, 
16 0 6° x 9 4" deep. 

Fig. 3 shows, in plan view, a complete 40” blooming 
mill with auxiliary equipment from the ingot car to the 


iL 


34 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


product shears. This particular lay-out applies to the 
40” blooming mill of the Weirton Steel Company and in 
its entirety is a good example of modern blooming mill 
construction. You will note that steel after leaving the 
blooming mill may pass straight ahead and through a 
continuous mill (not indicated on the drawing) or be 
transferred and sent through a steam hydraulic shear 
to be cut into slabs or heavy blooms, or may continue 
through the slab shear and over the slab shear tables to 
an electrically driven shear to be cut into billets. Fig. 
3-A is a complete plan of the Gary Works 40” blooming 
mill. 

Fig. 4 shows, in plan view, a modern 40” reversing 
blooming mill, with mill tables, manipulators, ete. Fig. 
9 shows the mill and pinion housings in elevation; Fig. 
6, sectional elevations of the mill housings; and Fig. 7, 
the pinion housings. 

Fig. 8 shows, in plan view, a complete 35” reversing 
blooming mill which is a variation of the usual type of 
reversing bloomer. This mill was built in 1902 at the 
Grand Crossing Works of the Interstate Steel Company, 
and is of the usual construction of that day except for 
the circular repeating attachment which enables the mill 
to roll to smaller sizes than could be successfully handled 
in an ordinary mill depending upon the usual type of 
manipulator. 

A mill of this type employing the looping principle 
is intended for plants not having a large tonnage demand 
and where it may not be economical to invest in subse- 
quent mills to reduce a normal blooming mill product 
size down to smaller sizes. After the ingot has been 
rolled down to the smallest billet section that ean be con- 
veniently handled by the manipulator it may be rolled 
on the continuous principle by sending it through single 
pass, fixed sized holes in the rolls by directing the billet 
through the circular repeaters and operating the mill 
continuously in one direction; the billet may be thus re- 
duced from, say, a 4” x 4” section, the smallest ordinarily 
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Fig. 5—Hlevation of mill and pinion housings of mill shown in Fig. 4. 
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Pig. 6—Sectional elevation of mill housings of mill shown in Fig. 4. 
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Fig. 8—Plan of 35” reversing blooming mill, Interstate Steel Co. 
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rolled on a blooming mill, to 134” x 134” or less. By 
changing rolls and eliminating the looping device, a mill 
of this type can be quickly converted to comply with 
general blooming mill production practice. Fig. 9 shows 
the same mill. 


Fig. 12—Modern blooming mill, manipulators in position 
to guide the ingot through the rolls. 


A more recent installation of a mill of this kind is that 
of the Keystone Steel & Wire Company’s plant at Peoria, 
Illinois. Fig. 10 shows a set of rolls for this mill. This 
clearly illustrates the unusual range of product sizes 
that may be obtained on this type of mill. 

Figs. 11, 12 and 13 show good examples of modern 
type blooming mills. Fig. 11 is interesting in that it 
shows an ingot being tilted by the manipulator. Fig. 
12 is of the same mill and shows the manipulators in 
position to guide the ingot in its passage through the 
rolls. Fig. 13 shows the direct application of a mill 
motor to the mill. 


We 
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Fig. 13—Modern blooming mill, showing direct application of mill motor. 
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MANIPULATORS 


In recent years a great deal of progressive develop- 
ment work has been accomplished on everything having 
to do with the reversing blooming mill, including the 
design of the mill itself, the serew-down mechanism, the 
adoption of the universal coupling for mill spindles, the 
design of the mill pinions and pinion housings, mill tables 
with self-oiling bearings, table gears running in oil, etc.; 
but when one considers the manipulator, one is inclined 
to believe there is still room for improvement. The 
manipulator has two simple functions to perform,—to 
guide the piece so it will enter the pass properly and 
to tumble it, but at present these two operations require 
an immense amount of heavy machinery to move the 
manipulator proper back and forth, or up and down, as 
the case may be. It certainly does not appear to be the 
best engineering practice to employ, for the purposes 
intended, apparatus weighing complete forty to fifty 
times as much as the ingot it is required to manipulate. 

Fig. 14 illustrates the type of manipulator that was 
shown on the drawings of the 44” two-high reversing mill 
except in this instance the manipulator is hydraulically 
operated. 

Fig. 15 shows also an electrically driven manipulator, 
operating on a somewhat different principle so far as 
the application of power to the moving parts is con- 
cerned. 

Figs. 16 and 17 show a third type of manipulator. This 
manipulator is hydraulically operated, but the same gen- 
eral type is also electrically operated. 


Brioomine Miu T'asLEs 


A great deal of improvement has been made in recent 
years in the construction of blooming mill tables; Fig. 
18 shows a good example of table construction in detail. 
The modern table is of very rigid construction, all roller 
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Fig. 17—Manipulator. 
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Fig. 18—Detail of table construction. 
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gears are cut and roller and line shaft gears are run 1 
oil, the roller journals are large and the journal bear- 
ings of the self-lubricating type. 


Turee-Hicgh Bioomine Mini 


Fig. 19 is a plan view of a three-high blooming mill. 
The rolls of three-high mills operate continuously in one 
direction. For certain purposes, this type of mill has 
some advantage over the two-high reversing mill, par- 
ticularly where only a limited number of passes are re- 
quired, ordinarily ranging from 7 to 9. Here some 
economy may be effected in the type of engine or motor 
employed and due to the application of a fly wheel to the 
driving shaft and to the fact that this type of mill is 
fast, because two or three pieces may be going through 
the mill at the same time. 

The disadvantages consist mainly in the limited 
amount of work that may be put ona piece. In addition 
there is the disadvantage of having to raise and lower 
heavy tables on each side of the mill. Fig. 20 shows a 
drawing of the roll housings and Fig. 21 the pinion hous- 
ings for this mill. 

Fig. 22 illustrates a 46” three-high mill. In this type 
of mill manipulation is performed automatically. The 
ingot enters on the front table, passes through the lower 
rolls and onto the rear table. Both tables are then ele- 
vated, during elevation the back table is automatically 
shifted sidewise to line the bloom with the proper hole 
in the top rolls, the bloom is then passed through the top 
rolls and onto the front table again. This table in lower- 
ing allows the edge of the bloom to engage the fingers 
projecting between the front table rollers; these fingers 
turn the bloom and shift it to line up with the proper hole 
in the lower rolls, these operations being continued until 
the piece is finished. 

A third outstanding type of mill is the multiple stand 
tandem type. The example shown in Fig. 23 is the 
blooming end of the Gary billet mill. This mill has al- 
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Fig. 21—Pinion housings for three-high blooming mill. 
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Fig. 22—View of 46” three-high blooming mill. 


most nothing in common with the two general types al- 
ready described. The Gary billet mill was built to roll 
an enormous tonnage of varying sizes of product from 
the initial heat of the ingot. In order to accomplish this, 
unusual finishing capacity was required. I believe the 
best way to explain the reason for this type of mill is 
to show the billet mill in its entirety. Fig. 24 shows in 
diagrammatic form the complete billet mill layout. It will 
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Fig. 23—Blooming end of billet mill, Gary Works. 


AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


52 


"0D [2048 stourty ‘sytoM Arey “tu [ret Jo pue Surmoorg—ez ,-S1yy 


WaH oh oman 
€ savd é seve 


"UW ONION fe. 
94 6d x 


Be cre eee 


a eee 


LIF 
as ONLY 


OD [9998 Stout] ‘sytoM Arey Gnocr{ [ru yor[tq eyeTduroa Jo WeRIselq—FzZ ‘Sly 


s03a@ 9NIT00> $038 9NITI00> 


uvans 13a1e 


J) ¥v3Hs Wools 


ts 


I .2€ -Sonwis ¢ 
fo) Oo 
= en ee : s ate Oo at reir 
RB 85 SS i p { * 
; ee tigi! ie bid) iss 
SBLNHD 9 { 2 8 5 
4a Bve Tw ave € = e (5 , (5) . (eb 
Q, : Yet — a6 ES a pea ty 
uv3HS ONIATS : = 


BLOOMING MILLS AND PRACTICE—BAILEY 53 


be observed that in line with and immediately beyond 
the nine stands of blooming rolls is a six-stand continu- 
ous mill. Between the continuous mill and the blooming 
mill is a transfer for moving the bloom over to and in 
front of a bloom shear which in turn delivers to a table 
served by two cooling beds, this is product outlet No. 1. 
After leaving the 24” continuous mill, the steel may 
continue directly ahead to a duplex billet shear, which 
delivers in turn over a conveyor to a series of billet load- 
ing chutes, this comprises outlet No. 2; or the steel after 
leaving the 24” continuous mill may be transferred to 
one side and, after being sheared, sent to one of the cool- 
ing beds previously mentioned, this constitutes outlet 
No. 3; or coming from the 24” continuous mill and being 
transferred as described, the billet may be sent ahead 
through an 18” continuous mill and onto hot beds, out- 
let No. 4; or after leaving the 24” mill, may be trans- 
ferred in the opposite direction to that just described and 
through an 18” continuous sheet bar mill, outlet No. 5. 
There has passed through this mill somewhat in excess 
of 123,000 tons of finished product in one month. A 
variation of this type of mill is the blooming end of the 
Gary rail mill (see Fig. 25), comprising four stands of 
44” rolls in tandem followed by a 40” three-high bloom- 
ing mill. 


Bioomine Miuu Practice 


There will follow a series of charts illustrating in 
graphic and tabulated form a number of examples of 
blooming mill practice. There will be shown the number 
of passes taken to reduce various-sized ingots to blooms 
or billets as the case may be, the approximate section of 
the ingot and the blooms after each pass, the cubic inches 
of metal displaced per pass, the cubic inches of metal 
displaced per section during the rolling period and in a 
number of instances the foot pounds work required for 
rolling, the steam consumption where the ingot shown 
was rolled in an engine-driven mill or the K.W.H. input 
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for motor-driven mills. While compiling and plotting 
this information it was observed there was considerable 
variance in rolling practices. Instances of this nature 
will be pointed out. To avoid long and tiring descrip- 
tions, I will analyze one of the simpler charts which has 
been prepared for the purpose and after that comment 
only on the outstanding features of the other charts. 
Chart A shows information compiled from data col- 
lected from a test while rolling an 18” x 1914” ingot on 
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a three-high engine-driven blooming mill. Curve AA 
gives the foot pounds work accumulating from pass to 
pass. ‘This represents all work during the rolling period 
including the time the bloom was in the rolls and also 
during the intervals between passes. It also includes 
all friction losses. Curve AB is similar except it repre- 
sents friction losses only. Curve AC shows the time in 
seconds the piece was engaged in the rolls and the 
intervals between the passes. Curve AD shows in ac- 
cumulative form the steam consumed by the engine from 
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pass to pass. Curve AE shows the cubic inches of metal 
displaced per second and curve AF the cubic inches of 
metal displaced each pass. 

One purpose of these charts is to enable the plant 
engineer to approximate the power required to roll 
various bloom sections. The cross hatched areas were 
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provided to assist in following an application of the 
curves to an assumed problem. Supposing we assume 
the engineer desires to know the power required to roll 
a 13” x 11” bloom to 1014” x 11” in one pass,—the 13” 
x 11” section has an area of 143 square inches and the 
1014” x 11” bloom an area of 11514 square inches repre- 
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senting a reduction in area of 27.5 square inches. He 
begins with curve AA reading vertically in the area 
column to the horizontal line corresponding with area 
143. Then horizontally from there to the total foot 
pounds work curve. From that intersection, vertically 
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down to the horizontal base line and records the total 
foot pounds work required to reduce the ingot to that 
section. He then reads in the area column the equivalent 
of 11514 square inches and follows the same course as 
for the preceding section and finds the total foot pounds 
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work required to reduce the ingot to that area and by 
subtraction, the total work required for the example. 
To find the rate of application of work he must take into 
consideration time, both idle and working. 

It will serve the purpose at present to assume the 
friction load is constant, although as a matter of fact 
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it will be somewhat higher when the piece is engaged 
in the rolls than during the intervals between passes, 
due to increased pressure in the roll housing bearings. 
The engineer finds the friction loss, using curve AB in 
a manner similar to the procedure for the total work 
eurve AA. The difference between the total work for 
the pass and the friction loss for the same pass is net 
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work. Next must be taken into consideration the volume 
of metal displaced where both area and the length of 
bloom are factors. By referring to curve AK and se- 
lecting the nearest corresponding pass to the example, 
he finds the volumetric displacement for that pass by 
reading values on the horizontal lines limiting pass 6 
and subtracting one from the other. He then reads the 
vertical ordinates from the intersections of curve AE 
within the pass limits to the base line to determine the 
time difference which is the time required to displace that 
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volume. By finding the net work required for pass 6 
as illustrated and dividing by the time required to do 
the work, the net work rate of application can be arrived 
at, then by adding in similar manner the proportionate 
work for friction loss the total work rate is determined. 
The ratio of work application to the engineer’s problem 
may then be closely approximated by direct volumetric 
comparison. If the problem to be solved involves dif- 
ferent speeds than those indicated, of course this must 


be allowed for. This all sounds complicated but really is 
quite simple. 
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Analysis of the various charts will disclose the fact 
that there are wide variances in the amount of work re- 
quired to displace a given volume of metal for similar 
rates of rolling. This probably is due to difference in 
rolling temperature, in some cases to different chemical 
analysis of the steel, to different friction loads and prob- 
ably in some cases to internal engine leaks. There will 
be enough examples shown, however, to cover most ordi- 
nary cases. 
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Curve AF which shows the cubic inches of metal dis- 
placed per pass should be of interest to all of the 
operators. There are a number of similar curves on 
subsequent charts. Here the volumetric displacement is 
given vertical values. For instance, in pass two the dis- 
placement was 2,183 cu. in., for pass three 2,709 cu. in., 
and so on. It will be observed the curve connecting the 
various ordinates is fairly regular and that the volu- 
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metric displacement tends to increase from pass to pass; 
this is as it should be. You will note when comparing 
the curve shown here with the curves for reversing mills 
that the latter are in most cases quite irregular. This 
difference is due to two causes. First, general practice 
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is to roll only one section through a single hole in a 
stand of three-high rolls and the roll turner has there- 
fore opportunity to design his rolls to the best advan- 
tage, while in a reversing mill many passes may be taken 
through the same hole. A second reason for the three- 
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high mill curve being more regular is that the roller 
has no option other than to roll exactly as the roll de- 
signer intended, while with a two-high reversing mill 
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the amount of draft taken in each pass and the number 
of passes taken are matters of the roller’s own choosing. 
The suggestion is made that, inasmuch as the volumetric 
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displacement of the metal being rolled is easily ascer- 
tained, the operators may, in instances, be benefitted by 
having a similar analysis made applying to their own 
practice. 

Chart B illustrates rolling practice on a steam engine 
driven two-high reversing blooming mill, rolling an ingot 
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weighing 5,488 pounds in 21 passes into a 4” x 4” billet. 
The curve showing the cubic inches of metal displaced is 
fairly regular but it will be noticed that the volume dis- 
placed per pass is in no case very heavy. The total in- 
dicated work per ton of product on this test was approxi- 
mately 44,000,000 foot pounds. 
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Chart C shows an ingot of the same size rolled in the 
same mill. The practice was very similar throughout 
and the total foot pounds work per ton of product in this 
case was 46,000,000, fairly close to the ingot illustrated 
on Chart B. 


Chart D shows a 9,500 pound ingot rolled on an engine 
driven 40” two-high blooming mill; it was reduced to an 
814,” x 9” bloom in 17 passes. On the metal displacement 
curve it will be noted that a comparatively small amount 
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of work was done on the 2nd pass and from the 4th to 
the 10th pass inclusive and also on the 14th, 15th and 
16th passes. One is inclined to believe that, if the design 
of the rolls would permit, the number of passes might 


be reduced. 
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Chart E shows the work on an ingot weighing 6,078 
pounds being reduced to a 4” x 4” billet in 19 passes 
on a 35” two-high reversing mill driven by a twin tandem 
compound reversing engine. In this instance the steam 
consumption was measured at the boiler house and in- 
cludes boiler house and line losses. The steam was 
measured at the engine throttle for the other charts. 
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The displacement curve is fairly regular but very light 
work was done on the initial passes. 

Chart F shows the pounds of steam and the million 
foot pounds work on four different ingots rolled in the 
three-high reversing mill that rolled the ingot described 
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on Chart A. The reductions were the same. The heavy 
full line curves show the average for the four ingots. 
Attention is called to the wide variation in power re- 
quirements. In all puabepue temperatures had a great 


deal to do with this. 
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Charts G and H show work curves on 7 ingots rolled 
on a 34” 2-high mill. Chart G shows the work on four 
different low carbon ingots. In each case the ingot was 
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reduced in twenty-four passes to a 4” x 4” billet. The 
total work varied from approximately 68,200,000 foot 
pounds to approximately 89,500,000 foot pounds. On 
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Chart H the same weight ingots were rolled but of high 
carbon steel. The total work here varies approximately 
from 86,000,000 foot pounds to 104,000,000 foot pounds, 
the total variation for the seven ingots from 68,000,000 
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foot pounds to 104,000,000 foot pounds. The effect of 
the higher carbon steel on the load is rather clearly de- 
termined, one of the high carbon ingots requiring 26 
passes and the others 30 passes each. 

Charts J and K show curves taken from a 40” motor- 
driven two-high reversing mill rolling a 17,600-pound 
ingot to a 8” x 8” bloom in 35 passes. The theoretical 
steam consumption curve was plotted here based on the 
assumption that the motor was supplied with current 
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from a modern steam-driven turbine generator having 
a water rate of twelve pounds per K.W. hour. By com- 
parison with engine-driven examples it will be observed 
that the steam consumption is very low. 

A study of the mill displacement curve indicates that 
the work was comparatively light up to the 14th pass 
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and in instances for passes beyond that. In many of 
the initial passes not over an inch draft was taken. In 
contrast to this I would call your attention to the dis- 
placement curve on Chart L where a 14,009 pound ingot 
was reduced to an 8” x 10” billet in 19 passes, three of 
which were idle. With the exception of the gap made 
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by the idle passes, the displacement curve indicates ex- 
cellent rolling practice. The first two idle passes were 
taken for the purpose of dressing up the bloom to re- 
move collar marks. Evidently this was done on the last 
and finishing pass, also. This mill is also 40” two-high 
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reversing and is driven by a 6,000 H.P. motor. The 
performance is one of the best examples of uniform 
heavy rolling practice of any I have discovered. 

Chart M illustrates the rolling practice of a 44” two- 
high reversing mill, driven by a 5,800 H.P. motor, roll- 
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ing a 25” x 30” ingot weighing 14,500 pounds to a 9” x 10” 
bloom in 25 passes. As indicated by the displacement 
curve the reductions on the first nine passes were very 
light with the exception of passes three and five. Very 
little work was done, also, in passes 14, 15, 16 and 18. 
The ingot represented by Chart N weighs 11,500 pounds. 
It was reduced from a 22” x 24” section to a 63/4,” x 614” 


” CUINS.(THOUSANDS) OF METAL DISPLACED 


bloom in 17 passes. This mill is engine driven. It is 
not apparent why the metal in pass 12 was given such 
heavy reduction compared with other passes, possibly 
the design of the rolls had something to do with this. 
You will have probably noticed before this that on nearly 
all the charts it is shown that some one pass, near the 
completion of rolling, is given very heavy reduction by 
comparison with any others, 
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Chart O shows the rolling practice in reducing a 25” 
x 25” ingot weighing 14,000 pounds to a 6” x 734” bloom ~ 
in 23 passes. This mill is driven by a 40” and 60” x 66” 
engine. The general practice indicated is somewhat 
better than the average, particularly during the later 


passes. 
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Chart P shows an 8,800 pound ingot rolled to an 8” 
x 8” bloom in 15 passes on a motor-driven 40” two-high 
reversing mill and represents average practice. 
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Charts Q and R and also S and T have been very care- 
fully worked out from test data furnished by one of the 
electrical manufacturers. Chart Q represents power 
practice in rolling a 25” x 30” ingot weighing 14,500 
pounds to a 9” x 9” bloom in 23 passes on a motor- 
driven 44” two-high reversing mill. Chart R shows the 
time and displacement curves for the same ingot. Chart 


S shows power curves pertaining to rolling a 3,693-pound 
ingot to a 314” x 4” billet in 19 passes on a 32” two-high 
reversing mill driven by a 3,500 H.P. motor. Chart T 
shows time and displacement curves for this ingot. 

The advent of the mill-driving motor has had a great 


deal to do with the generally improved appearance of 
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rolling mill plants. Too often in the old days, and even 
today to an extent, the premises in the vicinity of a mill 
engine bears striking resemblance to a foundry casting 
yard. Mill motors must be kept reasonably clean and 
the mill operators early recognized the motor as a fine 
piece of machinery worthy of a respectable setting. It 
has become customary to place the mill motors in a 


Fig. 26—Blooming mill motor room. 


separate building or to properly protect them, if they 
are located in the main mill building. Motor rooms in 
general are designed both from the viewpoint of utility 
and appearance. As soon as the operator had a nice 
looking motor room, it immediately followed that he be- 
gan picking up and arranging his spares in the adjacent 
main mill building, bringing about a condition resembling 
general order. 

Figures 26, 27, 28 and 29 are good examples of bloom- 
ing mill motor rooms. Figure 26 does not represent a 
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recent installation, but was selected because there is in 
plain view all of the apparatus included in a reversing 
motor set. 

When the subject of the paper was first assigned me, I 
believed it would be of interest to catalogue all of the 


Fig. 27—Blooming mill motor room. 


blooming mills in the country, giving the size of the 
mill, method of driving and other similar general in- 
formation. The time available, however, proved too short 
to obtain a complete catalogue. I wish to thank all 
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those who sent me information of this kind and apologize 
to them for not being able to present it. I also wish to 
thank all who have so kindly given me data relative to 
their mill practice. Only a relatively small part of the 
information received could be presented. I endeavored, 
however, to select outstanding examples and examples 
that would give as complete a range of mill practice as 
possible. 


Judge Gary called upon Mr. John A. Topping, Vice- 
President of the Institute, to take the chair. 
_ Toe CuHarrman (Mr. John A. Topping): I am sure 
that the Institute duly appreciates this highly scientific 
paper by Mr. Bailey. The paper will be discussed by Mr. 
F. C. Biggert, Jr., President, United Engineering & 
Foundry Co., Pittsburgh, Pa. 


Discussion sy F. C. Biccrrt, Jr. 


President, United Engineering & Foundry Company, Pittsburgh, Pa. 


I have read Mr. Bailey’s paper with much interest 
and sincerely wish to congratulate him upon it. He has 
gathered and put into compact and convenient form an 
immense amount of valuable data which will be of great 
assistance to the steel mill engineering profession gener- 
ally. Indeed, I feel that the subject has been so well 
handled that a discussion of its matter, in the ordinary 
sense, would be superfluous. I shall therefore, with 
your indulgence, make some brief remarks on blooming 
mills from the standpoint of the commercial mill de- 
signer and builder. 

The first blooming mill with which T became intimately 
acquainted was built in 1902 for the Wilmot & Hobbs 
Company, now the American Tube & Stamping Com- 
pany. My intimacy began with the detailing of the line- 
shaft bracket for the mill tables—my first detail draw- 
ing—and the pangs of creation, by which that bracket 
was brought into being, are still poignant in my memory. 
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The mill is still in operation and, so far as I know, 
without any important changes it is still rolling steel 
commercially. It is a 34” mill having rolls 28” in diam- 
eter, handles an ingot of about 7,000 lbs. weight, and 
was at that time considered a good standard size of 
blooming mill, although a few larger ones were then in 
operation. My reason for referring to this mill is to 
make a comparison with present-day practice and thus 
illustrate the development of the art during the last 25 
years. 

At present, we are building the 44” mill for the Home- 
stead Steel Works, to which Mr. Bailey referred in his ~ 
paper, and it will roll ingots weighing as much as 
16,000 Ibs. As this is the largest typical blooming mill 
thus far undertaken, and will probably become a model 
for future construction, it may properly be used in com- 
parison with the little old mill of about 1900. The com- 
parison is best made on the basis of weights. 

Taking the mill proper, which includes roll and pinion 
stands with bed plates, spindles and couplings complete 
to the driving connection, we have in 1900 a weight of 
350,000 Ibs., and to-day 1,510,000 Ibs., a ratio of 1 to 
4.3. The two roll housings of the Homestead mill will 
weigh approximately as much as the complete American 
Tube & Stamping Company mill, and these housings are 
of cast steel, whereas those of the old mill are of cast 
iron. The new mill weighs 4.3 times as much as the 
old, and handles an ingot something more than twice as 
heavy. The old mill tables were of about the same length 
as the new and weighed 265,000 lbs. The new tables will 
weigh 1,065,000 Ibs., a ratio of 1 to 4, 

When we come to compare the manipulators, allow- 
ance must be made for the greatly improved facility of 
operation of the modern design. The two manipulators 
work on entirely different principles, and the new one 
has a guiding and straightening action upon the material 
being rolled which was entirely lacking in the old ma- 
chine. Nevertheless, both manipulators did and do fune- 
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tion and the comparison of weights is illuminating. ‘The 
old manipulator weighed 45,000 Ibs., and the new one 
will weigh 1,150,000 Ibs., a ratio of 1 to 2514. Perhaps, 
as Mr. Bailey remarks, there is room for improvement in 
manipulators. 

The new mill will have a roll-changing gear weighing 
204,000 Ibs., and, of course, the old mill had none. This 
addition to the usual equipment is undoubtedly justified 
in the case of the Homestead mill for the reason that 
several sets of rolls will be used on the various products, 
and as an immense equipment of finishing mills will be 
shut down for every roll change of the blooming mill, 
every minute saved in changing will be well repaid. 

Totaling the weights of the mills, mill tables and 
manipulators of the two mills, we have for the old mill 
650,000 lbs., and for the new mill, without roll-changing 
gear, 3,725,000 lbs., a ratio of 1 to 5.7. 

The Homestead mill is intended to roll some very large 
beam blanks and other sections which call for a power- 
ful mill. Perhaps it may, on this account, be looked upon 
as an extreme design, not truly comparable with the mills 
of 1900, but if we may judge the future of the blooming 
mill from its past, it is probable that in a few years 
mills of as much or greater weight will be considered 
standard equipment. 

Kiven now we are building for the Homestead plant 
another special blooming mill which begins to dwarf 
the 44” mill. This special mill will not be used for ordi- 
nary blooming work, and yet it is, in every sense, a 
blooming mill. It will weigh just under 3,000,000 Ibs. I 
mean the mill proper without tables or manipulator. 
That is almost exactly twice as much as the 44” mill 
and about nine times as much as the old mill of 1900. 
Its housings alone will weigh more than the old mill, 
mill tables and manipulator all combined. It is only 
proper to add that the tables and manipulator are not 
proportionately heavy and that the great weight of the 
mill is largely oceasioned by structural requirements. 
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I mention it only to show that the 44” mill is not to be 
viewed as representing the ultimate in size and weight 
of blooming mills. 

My object in making this comparison is not to astound 
you with the great weight of modern blooming mills. You 
are all men accustomed to dealing with heavy equipment, 
and it is not likely that you will be startled by such 
weights as I have given. 

My intention is rather to lead up to the question, Are 
we economically sound in this very large increase in 
weight of equipment? : 

At any given time, the costs of similar equipments 
are nearly proportional to their weights. If the old mill 
were to be rebuilt today, certain refinements would be 
included which would increase both its weight and cost 
per pound. But making allowance for all worth-while 
improvements, it is safe to say that a mill can be built 
on the old basic sizes (that is, maintaining the roll, 
pinion, neck and screw diameters, substituting a light 
manipulator of modern type and more substantial tables) 
at a weight around 1,000,000 Ibs. On this assumption, 
it would cost about one-third as much as the 44” bloomer, 
but it would roll, hour for hour, one-half as much steel, 
and year in year out, good times and bad, it might roll 
ton for ton. From this it seems justifiable to raise the 
question of the economic soundness of the very expensive 
equipment of modern installations. 

It may be contended that the blooming mill is a rela- 
tively small part of the whole steel plant, and that any 
shutdown of this small part involves a shutdown of the 
whole; that, therefore, the blooming mill should be built 
almost regardless of cost. But any one who cares to 
take the trouble will find that the same argument has 
been applied to everythmg in the plant, with the net 
result that the weight and cost of construction have in- 
ereased very much more rapidly than the output. 
Especially is this true when considered from a year in 
year out production viewpoint, for heavy and expensive 
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equipment produces no more steel than light, when both 
are shut down or even when running at a substantially 
subnormal rate. 

Of course, I recognize the demand for larger material, 
the economy of larger ingots and the saving of labor 
which are assumed to justify massive and expensive 
equipment, but in the face of all this, I again ask the 
question, Are we economically sound in the matter? 

And I shall not attempt an answer. This is a problem 
for those of you who are operators and managers and, 
in my opinion, it is one which will bear your careful con- 
sideration. 

I wish it distinctly understood that these remarks are 
not intended as criticism of the Homestead mill. If it 
had devolved upon me to determine its sizes, I should 
have arrived at substantially the same result as have the 
Homestead engineers, and this for the reason that we 
both work from comparison with existing mills. No mill 
designer can afford to do otherwise. Frankly, it is a fact 
that mills are designed upon the very practical, if un- 
scientific, theory that it takes a wise man to discover 
that a mill is too strong, while a fool will know if it is 
too weak. I think that equal frankness on the part of 
designers of other types of mill equipment will compel a 
similar confession. 

This method of design has, undoubtedly, had much to 
do with the very rapid increase in the weights of suc- 
cessive mills. Hach new mill has been made a little 
larger and heavier than its immediate predecessor, be- 
cause its designer wished to be sure that his mill would 
have no weak spots, and the prevalent practice of buying 
on weight rather than design has encouraged commercial 
designers to cater to this foible of their clients. 

I do not say that we have gone to extremes in the 
matter. I merely ask the questions, Are our designs 
economically sound? Do the added tonnage, reduced 
maintenance and comparative absence of mechanical 
shutdown warrant the increase in fixed charges? These 
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are questions which can be answered only by those in 
responsible operating positions or, perhaps better. by 
these men in collaboration with commercial designers 
who have accurate data on the costs of mills of various 
weights. But they are questions which I think will soon 
require answering, not only as regards blooming mills, 
but for all rolling mill equipment. 

The comparatively easy economic conditions under 
which our steel industry has developed appear to be 
changing toward scientifically keen competition. If this 
be true, there will be a demand for more scientific engi- 
neering, particularly from an economic standpoint. We 
will be asked to design mills and mill equipment so that 
when fixed charges, maintenance, repairs and all such 
costs are added together and applied to the average year 
in year out ton of product, the charge will be a minimum. 

A eareful calculation on this basis may show that our 
heaviest and most costly mills do not meet this condition, 
and if they do not, our designs are not economically 
sound. 


Tue Cuarrman (Mr. John A. Topping): Mr. Bailey’s 
paper will now be discussed by Mr. O. Needham, General 
Engineer, Westinghouse Electric & Manufacturing Co., 
Kast Pittsburgh, Pa. 


Discussion BY O. NEEDHAM 


General Engineer, Westinghouse Electric & Manufacturing Company, 
East Pittsburgh, Pa. 


The Institute is fortunate in securing for its files the 
valuable data presented by Mr. Bailey. One cannot help 
but be impressed, in listening to Mr. Bailey’s paper, by 
the amount of work that has been done by him in secur- 
ing and putting into usable form the data presented. 

Early in his paper the author mentions the new 44” 
two-high reversing blooming mill now under construc- 
tion at the Homestead works of the Carnegie Steel Com- 
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pany and gives data on the motor rating, which is 7,000 
H.P. continuous. It might be of interest to note that this 
rating is obtained from a single armature. Formerly 
motors of this rating were composed of two 3,500 H.P. 
armatures. The Homestead motor, so far as is known, 
represents the largest rating ever built in a single arma- 
ture for blooming mill service. The efficiency of this 
motor is approximately 2% higher than that of a corre- 
sponding two-armature motor. 

The author has devoted a section to the discussion of 
manipulators, and such a discussion can indeed well be 
contained in a paper of this kind. An analysis of the 
curves in Mr. Bailey’s paper and similar curves taken 
from other mills shows that only from 35 to 50% of the 
total time required to roll an ingot to a bloom represents 
time the metal is actually between the rolls. The other 
50 to 65% is used up in manipulation. 

It can thus easily be seen that a 10% saving of time in 
manipulation represents a greater saving of actual time 
than a corresponding per cent saved on the main roll 
drive. Manipulation is where time is lost, and this im- 
portant part of the rolling cycle is worthy of consider- 
able attention in our efforts to increase tonnage outputs. 

In Fig. 22 the author shows a 46” three-high mill in 
which the manipulation is performed automatically. The 
writer believes that at some future time the manipula- 
tion on two-high reversing mills will be worked out, so 
as to be more nearly automatic. Even at the present 
time the controls for electric motor driven reversing 
blooming mills have been simplified so as to eliminate 
one operator. Several operations formerly requiring 
three operators in the blooming mill pulpit have been 
correlated and are now being taken care of by only tw 
operators. 

The curves included in the paper are valuable and 
the data will be useful to mill engineers in working up 
new mills. A very good case has been made for the 
cause of electric drive for blooming mills. 
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A comparison of curves B and C, which are taken from 
a steam driven mill, and curve §, taken from an electric 
motor driven mill, gives a good idea of the relative steam 
economy of the two systems. It happens that the mill 
sizes, the ingot sizes, and the elongation compare quite 
favorably. 

The total elongation is slightly greater on the steam 
driven mill, but by omitting the last pass the elongation 
is practically the same on the two mills. 

The steam per ingot on the steam driven mill, exclusive 
of the last pass, is 1,700 lbs., and the equivalent steam 
per ingot to supply the power for the reversing motor is 
442 lbs. The comparison shows as follows: 


Lbs. Tons 
Ingot weight, steam driven mill....... 5;488 or 2.45 
Ingot weight, electrically driven mill. .3,693 or 1.65 
Steam per ton, steam driven mill..... 695 
Equivalent steam per ton, electrically 
Ae SO re aa 268 


The steam consumed per ton of blooms is, therefore, 
2.6 times as much, when the mill is driven by a steam 
engine, as is required when the mill is electrified. 

In justice to the steam engine, it should be borne in 
mind that steam conditions on this steam driven mill 
might be improved, and also that with electric drive ad- 
vantage is taken of the higher steam pressures possible 
when the steam is utilized in steam turbines driving elec- 
tric generators. 

The almost universal use of electric motors on recently 
installed blooming mills is evidence of the fact that steel 
mill operators recognize the economy of electric drive. 

In most of the author’s charts he has included curves 
showing cubic inches of metal displaced per pass and 
commented on the general non-uniformity of the amount 
of work done in the various passes. 

Tt is a fact that more study is now being given to a 
proposed blooming mill installation than formerly was 
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the case, and analyses such as have been prepared by 
Mr. Bailey are a valuable guide showing the way to bet- 
ter blooming mill practice. 


THe Cuatrrman (Mr. John A. Topping): The next 
paper is ‘‘Steel Construction’? by Mr. Lee H. Miller, 
Chief Engineer, American Institute of Steel Construc- 
tion, Cleveland, Ohio. 


STEEL CONSTRUCTION 
Lee H. MiInuer 


Chief Engineer, American Institute of Steel Construction, 
Cleveland, Ohio 


The subject of steel construction is so diversified that 
all its phases cannot be even touched upon in one paper. 
The growth and utility of improved forms of material, 
the operation of labor-saving tools and methods in the 
fabricating shop, all are important; but this paper does 
not attempt to treat the subject from more than a general 
standpoint. The members of the American Iron and 
Steel Institute are directly affected by the welfare of 
the structural steel industry. 

It is proposed to present a brief survey of the growth 
of steel construction from its inception forty years ago; 
to try to locate such factors as seem to be responsible for 
its somewhat arrested development during the past ten 
or fifteen years; to describe certain ameliorative steps 
that are being attempted; and to indicate what improve- 
ment has already been accomplished. Special reference 
will be made to steelwork for buildings and similar struc- 
tures. 

The phenomenal developments that accompanied the 
replacing of iron by steel may be said to have started 
about the year 1885 when the Bessemer process began to 
make possible the commercial production of rolled steel 
in the form of shapes and plates of a grade and in ton- 
nages suitable for use in buildings, bridges and other 
structures. Within less than a decade the completion of 
the transition was recognized by one of the leading steel 
mills which announced in its 1893 Pocket Companion that 
all data relative to wrought iron was then being elimi- 


nated. 
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While considerable tonnages of steel were applied to 
the construction of railroad and city bridges, whose de- 
sign and execution were generally under the supervision 
of experienced engineers, the notably new field that was 
to be developed with the aid of this pew material was 
that of buildings proper, and especially tall tier buildings 
in large cities. Nobody was experienced in structures of 
this character. They had never been built before. In 
order to assist in their proper design, the rolling mills 
employed a force- of bridge engineers who made special 
study of the manner in which structural steel might 
safely be adapted to the new requirements. Under their 
editorship the former mill catalogs were expanded into 
handbooks which supplemented the lists and properties 
of the sections rolled with simple information regarding 
their proper use, and which included formulas and tables 
to facilitate their safe application in all ordinary cases. 

These tables of necessity were based on an arbitrary 
working stress per square inch that should combine econ- 
omy with safety. In view of the quite frequent making 
of steel-frame designs by people who in those early days 
were not thoroughly familiar with the subject, and in 
further view of some question as to the absolute relia- 
bility of the quality of steel then being made by the Bes- 
semer process (which process was the more common in 
the early nineties), all the mills adopted 16,000 lbs. per 
square inch as the basis on which their tables of safe 
loads were computed. Simultaneously the variety of dif- 
ferent sectional shapes that had been developed by each 
mill was simplified into one uniform list of American 
Standard Sections. 

The influence of the mill handbooks was far reaching. 
The building codes of many cities adopted their working 
stress of 16,000 Ibs. In many colleges these handbooks 
are still utilized as text books. Their compilers did a 
great piece of work, well suited to the conditions then 
existing, and all honor should be given them. 

In addition to the assistance rendered by these mill 
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publications, it should be noted that, while some building 
steel contracts were taken by bridge shops, and some by 
the more enterprising of the rapidly evolving architec- 
tural iron works, very considerable tonnages of struc- 
tural steel in fabricated form were furnished by the mills, 
who thus retained direct contact with the needs of the 
industry. Under this guidance, the use of fabricated 
structural steel in the United States grew from an esti- 
mated yearly consumption of a quarter of a million tons 
in 1892 to one and a half million tons in 1912. 

It should be pointed out here that the figures of steel 
production published by the American Iron and Steel 
Institute under the heading Structural Shapes do not 
indicate the tonnages of fabricated structural steel con- 
sumed, nor are they an index to the amount of tier build- 
ing steel work per year. The average steel frame ton- 
nage for such buildings is distributed between shapes, 
plates and bars in percentages of about 65, 30 and 5, re- 
spectively. On the other hand, large tonnages of so- 
called structural shapes are now being consumed in the 
manufacture of railroad cars and other non-building con- 
struction. For this reason the mills may report a main- 
tenance of the tonnage of structural shapes produced 
over a period during which the consumption thereof for 
structural building and bridge work shows a marked de- 
cline. This apparent contradiction of statistics has ob- 
tained since 1912. 

It may not be without significance that for some years 
prior to 1912 the rolling mills had been gradually with- 
drawing from the field of fabricated material, and this 
field was becoming more and more the special domain of 
the shops. It is also to be noted that about this time new 
forms of structural shapes were being introduced by in- 
dividual mills, and changes in unit stress and formulas 
were being increasingly advocated. In any event, the 
figures tabulated in Appendix A show that, for the three 
years 1911 to 1913 preceding the War, the mills produced 
an annual average of about 21% million tons of structural 
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shapes, while the average consumption of fabricated steel 
for the same period was one million three hundred thou- 
sand. For the three years 1919 to 1921 following the 
War, the mill production of structural shapes remained 
nearly 214 million, but the consumption of fabricated 
steel dropped to nine hundred thousand tons, or only 69 
per cent. of its yearly average a decade previously. 

As already mentioned, the remarkable early develop- 
ments in this field were fostered under the guidance of 
the steel rolling mills. Today the mills have largely re- 
linquished that guidance. They are largely out of direct 
touch with the ultimate user of structural steel. They 
generally prefer to market their products in the form of 
plain material through the medium of the fabricating 
shops. Until the inauguration 214 years ago of the move- 
ment that will be referred to later, the result has been a 
somewhat confused condition, both technically and com- 
mercially, throughout the industry. 

In recent years there has been no uniformity as to the 
proper working stress on which designs should be based. 
It has been generally realized that the old 16,000 lb. basis, 
including as it did a generous ‘‘factor of ignorance,’’ 
was now unnecessarily conservative. Since its original 
adoption conditions had changed. The steel itself was 
being made by better processes and with greater care, 
from furnace to finishing mill. Its chemistry and ductil- 
ity were being improved. Its dimensional tolerances were 
more closely checked. Its inspection by both mill and 
customer was much more rigid. Its grade had become 
standardized under the specifications of the American 
Society for Testing Materials. It was a more reliable 
product. In addition, the art of applying the steel to its 
varied uses was no longer a new one. <A large body of 
designers and erectors had become trained by experience 
in the problems that attend steel construction. 

The consequent increased confidence in both material 
and its application was naturally reflected in the use of 
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higher unit stresses. Already 17,000 lbs. had become the 
usual basis in metric countries, and 17,900 Ibs. in Great 
Britain. The old 16,000 lb. basis still governs the design 
of structures in certain American cities whose building 
codes had become crystallized, but elsewhere, and for 
practically all large bridges, higher stresses are being 
employed. There has been, however, no standard of con- 
formity as to the precise value to be adopted. 

In addition to the matter of the unit stress itself is the 
manner in which it should be applied. As was so tersely 
pointed out in a recent committee report of the American 
_ Society of Civil Engineers, it may be stated with confi- 
dence that early deficiencies in steel frame design are 
traceable to causes unrelated to the basic unit stress. 
The rare failures that occurred were invariably the result 
of faulty detail or insufficiency of lateral bracing. In the - 
manner of application there has been, and still is, great 
diversity in practice as to connections and other details, 
as well as in the method and frequency of bracing each 
beam and girder or the reduced stresses that should 
apply where an owner’s desire for unobstructed space 
may necessitate a partially unbraced framework. 

A third, and perhaps the most troublesome feature, 
was the appalling variety of column formulas in vogue. 
In Appendix B are reproduced 28 of the several hundred 
formulas that have been introduced, and Appendix C 
illustrates in chart form their diversity in application. 

To point out the incongruity of these formulas, take, 
for example, an 8” by 8” column section weighing 32 
pounds to the foot, and 15 feet long, which would in an 
existing railroad building be expected to safely carry a 
load of 86 tons; in Boston prior to the year 1919 it was 
considered safe for 52 tons; while in Philadelphia a load 
of only 42 tons would be allowed. The variations between 
the allowable loadings in different cities at the present 
time, while not as extreme as the ones just mentioned, are 
still very troublesome. 
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As an example of the unnecessary complexity of some 
of these formulas, the one formerly used by the city of 
Cleveland is here given as follows: 


gi l eC 3 nag. az] 
Oi zal AY (a * 10) °° Head AB 


It will be readily appreciated that progress must be slow 
when a designer is required to compute each column 
member from needlessly involved formulas of this char- 
acter. 

The laboriousness of such calculations, however, is a 
minor factor as compared with their absence of uniform- 
ity. Practically every city has had a different code, the 
railroads another, and many individual engineers have 
had each their own code. This situation has made of 
little value those standard tables which always facilitate 
a designer’s work, for their scope would be too limited, 
and consequently each member in each design has fre- 
quently to be dimensioned by special and separate cal- 
culation. This has been costly. It has consumed unnec- 
essary time and has invited error. 

But commercially the most unsatisfactory feature re- 
sulting from absence of uniformity in methods of design 
has been the opportunity it gave for securing unfair ad- 
vantage, sometimes leading to less reliable structures, by 
an irresponsible reduction in quantity of steel to be fur- 
nished, or in plain language ‘‘skinning the job,’’ under 
the protecting guise of some different code or formula. 
The legitimate advantage developed by a fabricator in 
the way of improved methods and workmanship in shop 
or field has too often been nullified by the absence of a 
common basis of design. Probably no fabricator could 
claim entire exemption from this practice, the effect of 
which is disastrous to any industry. 

A second feature indicative of the need for recognized 
leadership is the exploitation of the advantages of struc- 
tural steel. The producers of other materials, each of 
which has its proper field, have co-operated in campaigns 
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directed at the enlargement of their market, but attempts 
to broaden the field for structural steel have been gen- 
erally limited to the efforts of individual manufacturers. 
As explained above, the technical basis of design has out- 
grown the rolling mill handbooks that were originally so 
helpful; but the colleges, whose students will largely con- 
trol the future trend of construction, were not provided 
with any authoritative publication in which the new basis 
of design was standardized. They could not be so pro- 
vided, for we have seen that the basis itself has been 
unsettled. The consequence, if not counteracted, must 
surely be an unduly limited demand in the future for 
- structural steel material. 

If time permitted, instances could be multiplied of 
other difficulties encountered by the industry, but those 
already cited are probably sufficient to indicate their 
nature and effect. A more vital question is the remedy, 
and this has doubtless suggested itself from a considera- 
tion of the conditions. The remedy must evidently be the 
guiding hand of some body or group whose authority 1s 
recognized in the industry. 

Realizing the need of united leadership, a considerable 
number of fabricating shops became organized 214 years 
ago as the American Institute of Steel Construction. 
Since that time its membership has grown so that today 
it numbers 207, and includes many of the important 
structural steel fabricating concerns in the United States 
and Canada. Its activities are limited by its constitution 
and have the endorsement of the United States Depart- 
ment of Commerce. In all of its planned improvements 
co-operation is welcomed from the steel mills, consulting 
engineers, architects, and the public at large. <A four- 
year program has been laid out looking to the betterment 
of the industry, whose principal features will now be 
briefly described. 

A Standard Specification has been prepared and pub- 
lished in pamphlet form, the purpose of which is to furnish 
simple standard formulas on which safe designs can be 
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prepared, and thus to assist in the securing of contracts 
on a fair basis. This work was done by a committee of 
five eminent engineers and architects which included the 
engineering heads of two of our largest universities. The 
basic unit stress adopted was the still conservative one 
of 18,000 lbs., and this was safeguarded by adequate pro- 
visions as to its manner of application. Already thirty- 
one large cities in all parts of the country have approved 
the use of the Standard Specification in their building 
designs, and its early adoption in other cities is confi- 
dently anticipated. It is also being widely used by in- 
dividual engineers. 

A Standard Manual is under preparation, the purpose 
of which is to facilitate the work of designer and drafts- 
man in the execution of a contract after it has been se- 
cured. It will comprise tables from which the applica- 
tion of the Standard Specification to the various prod- 
ucts, both old and new, of all the steel mills can be readily 
determined. In Appendix D to this paper is shown the 
arrangement adopted whereby all the information needed 
in connection with a group of 24-inch beams, for example, 
is concentrated on one page. This arrangement, which 
it is proposed to apply to all shapes and sizes of material, 
will be seen to expedite greatly the work in the drafting 
room. At present the draftsman has to waste much time 
in searching for essential information that is scattered 
over six or more widely separated pages of the mill hand- 
books, 

The Manual is not yet completed, but data are being 
collected therefor as rapidly as possible. Its compilation 
is a matter of considerable time and expense. It has been 
suggested that the issuance of the Manual might relieve 
the mills of the necessity of publishing individual hand- 
books. Let the mills issue only catalogs or shape-books 
of their products, and the Manual will cover their tech- 
nical application in convenient and standard form. 

A Code of Standard Practice has been prepared and 
published, the aim being to eliminate or reduce disputes 
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during settlement after a contract is completed. This 
code was compiled from the broad standpoint of fairness 
to both buyer and seller. It defines the various classes 
of material entering into a steel structure, specifies how 
the necessary fabricating data should be furnished, and 
recommends a uniform basis for taking care of mill over- 
run in weight and of shop waste when fabricated material 
is to be invoiced on a pound basis. It describes in detail 
the requirements of good workmanship, and defines what 
is meant by a plumb building, something which has never 
been done before. It outlines a reasonable method for 
handling changes and additions to a job, and suggests 
by example a standard form of contract. It fills a long- 
felt need in the industry. 

There have been distributed 17,000 copies of the Stand- 
ard Specification, 2000 copies of the Code of Standard 
Practice, and 12,009 copies of the two bound together 
under the title ‘‘Steel Construction,’’ with requests yet 
unfilled for 14,000 additional copies of the combined book. 
The widespread demand for these publications, though 
gratifying, has been so great that difficulty is experienced 
in keeping up with it. 

In addition to these publications many other activities 
are in progress. A Bureau of Technical Research is 
being formed, and an Educational Campaign to extend 
the use of structural steel is being pushed to the limit of 
the resources available. Meetings have been and are 
being held throughout the country at which the advan- 
tage and proper use of steel are presented and discussed 
with owners, architects, engineers, and contractors. 
Work with college students is planned, but has so far 
barely begun. 

Commencing with the year 1922 the consumption of 
fabricated steel, as indicated by the statistics compiled 
by the Department of Commerce, shows a gratifying in- 
erease, but as these statistics are evidently on a more 
comprehensive basis than those previously compiled by 
the fabricators no precise comparison is attempted. 
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Space will permit the recital of only one more item 
which should be of special interest to steelmakers. Rolled 
steel slabs have long been recognized as most satisfactory 
column bases, but it has been difficult to specify this 
semi-finished material, as regards physical properties 
and dimensional tolerances, so as to comply with operat- 
ing conditions at the mill and also with fabricating re- 
quirements. This has now, however, been accomplished, 
as shown in Appendix H, by a reasonable standardization 
of requirements, and a class of hitherto unattractive 
orders has thus been converted into desirable tonnage. 

A good beginning has been made, but much remains 
to be done. Steel construction is essentially diversified, 
and the mastery of its many problems will and should 
leave great scope for the exercise of individual enterprise 
and ingenuity ; but it is believed that, with the encourage- 
ment and co-operation of all concerned, the fabricators 
can carry on the task that was so ably initiated by the 
mills, and can assist the industry to progress along such 
safely standardized lines as will increase the volume of 
business to the benefit of the steelmaker, the shop, and 
the ultimate user. 
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APPENDIX B—CoLUMN FORMULAS 


18,000 


_ A. 1.8. C. 15000 to 60+ beyond 60-- = ————,— 


1 + 18,000r2 


_ Am. Bridge 1922 = 18000—60 + max. 15000 


R. E. design Ry. Bridge 15000—50—- max. 12500 

R. E. electrical spec. 15000—75 — 

R. E. existing Ry. Bridge O. H. Steel 24000—80 = max. 20000 
R. E. existing Ry. Bridge Besm. Steel 21000—70 + max. 17000 
R. E. existing Buildings 26000—80 — max. 20000 


R. E. 1920 Ry. Bridges—16000—70 — max. 14000 


.8.C. E. Highway Bridge = ae max. at 40+ 


1 + “12,5007? 


. Boston 1919—12000 to 80 — and 20000—100 + above 80 =- 


16,000 
[2 
1 + 30,000r2 


. Bethlehem Steel 16000—55 max. 13000 
_ N.Y. City 15200—58 + 
. Carnegie straight lines 13000 to 50+ —7000 at 120 - 3000 at 200 — 


J. & L. Chicago etc. use No. 8 


. Omaha—18000—80 
_ N.Y. C. Ry. 16000—70— Max. 15000 


Can. Eng. Ltd. Assn. Ry. Bridges—Use No. 3 


. Canton Boiler—16000 to 90 + above 21400—60 + 


. Cambria-Gordon = __ 12,500 
ere ere 
36,0002 
Osborn Highway = a 
1+ 36,0072 
Osborn Elec. Ry. = a 
1+ 


36,000r? 


22. 


28. 
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. 7 ) 
OsbornSteam Ry. — 
jee 
36, 000r? 
. Chicago Bridge & Iron 20300—70 — Max. 14000 


aw Rel ec 3 ‘ l FP | 
. Cleveland S = [1 + (+5) Sec. te 
. Blackwells Island Bridge Ordinary loading 20000—100— 


. Blackwells Island Bridge Congested loading 24000—100— 


. Present Quebee Bridge combined loads exclusive of secondary stresses 


20000—80-— max. 15200 


Present Quebee Bridge All combined loads inclusive of secondary stresses 
22000—80—L.. 
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Sllowable column stress per square inch jin kips 
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APPENDIX C—CoLUMN DIAGRAMS 
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APPENDIX D 


Standard Beams 
Dimensions Functions 


Allowable Loads 
BY A. I. S. CG. SPECIFICATIONS 


I is moment of inertia S is section of modulus 

r is radius of gyration V is max. web shear pounds 
P is min. span (feet) uniformly loaded to cause V 

W is max. load on one standard connection 

y Q is min. span feet uniformly loaded to cause W 

w is wt. of one standard connection including angles and web rivets 

rivet given is max. dia. in flange 

allowable concentrated center loads are 50% and their deflections 80% of those shown below. 


depth =d 24 24 24 24 24 24 
Wt. pr. ft 100 95 90 85 79.9 74.2 
eee 29.25 27.79 26.30 24.84 23.33 21.70 
Bee: 7.247 7.186 7.124 7.063 7.000 9.000 
Bete oe 0.747 0.686 0.624 0.563 0.500 0.476 
Tapes ok hts 21.716 21.716 21.716 21.716 21.716 22.426 
athe ae 1.142 1.142 1.142 1.142 1.142 787 
ee .60 60 60 .60 60 40 
igh ee ee - 60 -60 .60 - 60 - 60 compound 
Galea cieie.5 20.699 20.699 20.699 20.699 20.699 20.0 
See See 4. 4 4 4 4 4 
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APPENDIX E—ROoLLED STEEL SLABS 


The wide variation in specifications has made this class of ma- 
terial unattractive to the rolling mills and very expensive ou 
account of the large percentage of waste. Rolled steel slabs, 
especially from 2” and over in thickness, are likely to be more 
or less bowed flat wise. Consequently an additional allowance 
should be made in the thickness of the material as rolled. If the 
material is sheared hot there will be from 3” to 5” of deformation 
adjacent to the shear. They can, however, be cut with a burning 
torch, eliminating this variation, but this process is somewhat 
more expensive than hot shearing. In ordering such material 
the following is suggested. 

Specify ordinary open hearth steel with a carbon content of 
10% to .25%, and without incorporating the same physical re- 
quirements as fixed for structural steel. Show only finished 
dimensions and whether the material is required hot sheared or 
burned to length. Also show what machining is to be done, 
namely, on one face or both faces, or possibly on both faces and 
four edges. The mill should be instructed to add to these speci- 
fied dimensions whatever is necessary to make sufficient material 
to machine finish. Below is a list of recommended dimensions 
both as to width and thickness, which can be produced in multi- 
ple lengths, and from which the engineer will be able to select 
over-all dimensions that will enable him to meet anything except 
very unusual requirements. Slabs up to 4” in thickness ean be 
straightened by a press eliminating necessity of planing. 


Width Thickness Maximum Cutting 


Length 

14” 14” 1000” Shear cut 

16” 1%" 900” Shear cut 

20” Pig 500” Shear cut 

24” 2%" 400” Shear cut if 10 to 25 carbon or 
under; otherwise flame cut 
only 

28” as 340” Flame cut only 

32” 3%" 270” Flame cut only 

36” 4" 270" Flame cut only 

40” 4144" 260" Flame cut only 

44” a 210" Flame cut only 

48" the 160” Flame cut only 


48” ue 140” Flame cut only 
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THe Cuarrman (Mr. John A. Topping): We will now 
have a discussion of Mr. Miller’s paper. The first on the 
list is Mr. James H. Edwards, of the American Bridge 
Company, New York. 


Drscusston By J. H. Hpwarps 
American Bridge Company, New York 


‘The paper presented by Mr. Miller is a clear and con- 
cise statement of the development of the use of structural 
iron and steel in building construction. It calls attention 
to the more or less inactive or congealed state of the 
fabricated steel industry, and sets forth three outstand- 
ing undertakings to stimulate the use of steel in construc- 
tion and improve the general conditions of the industry. 

The adoption of a Code of Practice, as a guide for 
purchasers as well as sellers, that more definitely defines 
the products properly belonging to the trade, the manu- 
facturing practice and the basis for the determination of 
billing value, should be of great benefit. The preparation 
of a hand-book giving rules and standards of engineering 
and fabricating practice would be welcomed by users of 
structural steel, encourage the adoption of common 
standards and would doubtless be of much value in the 
way of publicity. 

The third outstanding feature of the paper, the matter 
of increase of unit stresses, seems to be the most im- 
portant, and it is my intention to discuss this briefly. 

The history of the development of the use of iron and 
steel in construction shows that it has followed the same 
general lines as the introduction of any new material or 
method. The structures of the ancients were constructed 
mostly of stone, a material near at hand and supplied by 
nature. Then wood replaced stone in part by substitut- 
ing timber pieces of the same form as the masonry. 
When by use and experience the physical properties of 
wood were better known, the construction was modified 
so as to develop to better advantage the strength of the 
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wooden parts. In the same manner metal construction 
was first employed. We find cast iron used to take the _ 
place of masonry or wooden columns or piers, then for 
girders or members capable of carrying cross bending 
loads. Then came the substitution of wrought iron and 
steel for other materials, taking their place piece by 
piece until we finally have the complete supporting skele- 
ton frame work of structural steel. 

The units of strength so far-used were based on the 
behavior of completed structures under load, and tests 
made of specimens of the different materials used. Very 
few full sized tests of component parts of a structure 
were attempted. The basis of strength being the crush- 
ing or ultimate failure in the case of masonry and wood, 
and the ultimate strength in tension of wrought iron or 
steel. The safe unit stress was determined by reducing 
the ultimate strength by a so-called factor of safety, usu- 
ally four, but sometimes this factor was changed to better 
meet the conditions of loading and service. 

As the author of the paper has stated, the first rules 
for the use and manufacture of iron and steel structural 
material were set forth by the engineers engaged in rail- 
road bridge work, who felt the need of a stronger and 
more suitable material to meet the conditions brought 
about by increasing weight of rolling stock and length 
of openings to be crossed. These rules and specifications 
covered loading and units adapted to this type of con- 
struction. 

About 1880 the use of structural iron for building be- 
gan to be considered commercially. Insurance rates were 
becoming burdensome, manufacturing methods began to 
expand, operations required more open spaces, and ap- 
plances for handling materials were being employed. 
All these developments meant that in construction non- 
inflammable materials and at the same time materials 
stronger than wood were demanded. 

About 1890 the use of electricity as a motive power 
and for light began to be considered. It might be ob- 
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served that coincident with the application of electricity 
to manufacturing there was a noticeable increase in the 
use of steel in all possible forms of construction. Hlec- 
tric traveling cranes were installed in manufacturing 
plants, and then came the development of the modern 
mill building, machine shop and foundry. About this 
time electricity began to show its influence on the sky line 
of our cities. High speed electric elevators were being 
developed and our iron frame loft and office buildings 
began to grow upward. 

During the development period the technical guidance 
was supplied by engineers of the mills producing the 
rolled shapes and mill hand-books became the guides for 
the fabricators and users of the finished product. The 
units therein recommended were adopted to a great ex- 
tent by the city building codes. Then was born the so- 
called hand-book and building-code engineer. Materials 
and methods began to be standardized and the introduc- 
tion of steel in new forms of construction seemed to lag. 
The rolling mills had established a trade for their prod- 
uct and seemed content to leave further development to 
the manufacturers, who in order to secure the competi- 
tive business relied on their ability to reduce the cost 
of fabrication. They did not feel the necessity of prov- 
ing the fitness of steel for construction in various new 
fields, and the material had to find its own way into use. 
They did not realize that the use of steel was governed 
by economic laws. By holding to old rules that were pro- 
mulgated when the quality of the steel may not have been 
as reliable and its action under loads not as well known, 
they were wasteful of material and increased the cost of 
structures. 

On the other hand, promoters of other forms of con- 
struction, being forced by economic considerations, ap- 
proached the problems unhampered and open minded, 
determined their rules and type of construction to fit the 
conditions and to a considerable extent won away the 
business from the steel man. 
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The size and complicated nature of our more recent 
structures are beyond the capability of the hand-book 
engineer, and the experienced consulting structural engi- 
neer has become the controlling factor in determining the 
character of load bearing skeletons of our more impor- 
tant structures. With him it is an intensive study of the 
economics of the problem. He is supposed to design the 
most economical framework to safely carry the loads. 
Because of the restriction of building codes and customs, 
the capable engineer is not permitted to use his best 
judgment as to safe unit stresses. He is so held down 
that he cannot give a client the benefit of his knowledge, 
and the owner of the structure pays the extra cost. Such 
engineers would welcome a change in building codes that 
would permit the use of a unit stress even higher than 
recommended by the American Institute of Steel Con- 
struction. 

The opposition to higher unit stresses comes from 
those who fear that some poor material that does not 
meet the requirements of the standard specifications will 
creep into the work, that the structure may be improp- 
erly designed by inexperienced and incapable persons, 
or that construction may be careless and faulty. None 
of these reasons should be considered sufficient to defeat 
the demands for a more economic and scientific design 
of our steel structures. 

As has been mentioned heretofore, the units of 
strength of material have been fixed as a proportion of 
the ultimate strength. The dividing factor being errone- 
ously named the ‘‘factor of safety,’? and by some the 
‘‘factor of ignorance.’’? Some early specifications used 
different factors of safety for different conditions of 
loading, such as a low factor producing a higher unit 
stress for dead load conditions, and a high factor pro- 
ducing a lower unit stress for so-called live loads. This 
practice to our mind was misleading and illogical. It has 
been the cause of misconception on the part of the lay- 
man as to the real strength of the structure, and has 
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encouraged carelessness in determining the effect of so- 
called live loads in producing stress. Different live loads 
produce different effects, but the old method of design 
led one to believe that all live loads might be put in one 
class. 

The factor of safety conception was wrong because the 
margin of safety implied by the factor did not exist. In- 
stead of a safety margin of four, when the present unit 

stress of 16 ,000 Ibs. per sq. in. is used for static loads, 
there is a strong probability that a structure will be 
loaded beyond its useful limit when double the load that 
produces this unit stress is applied. 

After years of experience with structures of various 
types, subjected to all kinds of loading, fabricated and 
erected under present-day standard practice of material 
of recognized structural grade, we find no failures due 
to the use of too high a unit stress. There have been 
failures due to overloading, improper design and care- 
less field erection, few due to poor shop workmanship, 
and practically none due to bad material. Mindful of 
this condition, the better designers have realized that a 
higher unit stress should be used, and many, when free 
to express in their designs their own judgment, have 
used units higher than now recommended. In doing so 
they feel they are only taking advantage of the improve- 
ment in rolling mill practice that produces a more uni- 
form and reliable quality of steel, the better workman- 
ship of the present-day fabricating shops, and also their 
better knowledge of the loading effects, enabling them to 
produce a structure to meet the economic conditions of 
the present time. In doing all this the competent engi- 
neer must feel that he is truly exemplifying his profes- 
sion, that has been defined as ‘‘the science and art of 
applying economically the laws, forces and materials of 
nature for the use, convenience or enjoyment of man.”’ 

Because incompetent designers are sometimes em- 
ployed by unscrupulous owners and because through lack 
of proper Sune vision by municipal building departments 
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some unsafe structures have been and may be erected, 
the conscientious owner who is willing to comply with the 
recognized laws of good construction should not be penal- 
ized. ‘To persist in such so-called safeguards is unfair 
to the honest and capable designers, and the investors 
in real estate improvements. It is an economic waste. If 
owners will see that their structures are designed by 
capable engineers and the work executed by reputable 
contractors, and if steel fabricators will refuse to under- 
take work improperly and carelessly designed, these ob- 
jections to the use of higher unit stresses will be fully met. 

A committee of the American Society of Civil Engi- 
neers by a majority report has recommended an increase 
in the basic unit stress to 20,000 lbs. per sq. in. in ten- 
sion with corresponding increases in other units. Their 
report concerning the present basic unit stress says: 

‘‘Low working stresses are necessary in the early 
stages of the development of a material and an art. If, 
however, a fixed working stress persists from these early 
stages throughout a period during which engineering 
knowledge and skill steadily advance, the validity of this 
stress may properly be questioned. Careful review of 
past practice in steel building construction and experi- 
ence with structures fails to reveal any justification for 
such persistence of basic working stress. Steady im- 
provement in designing skill and in methods of construc- 
tion has operated to increase the strength of members 
and details greatly. Not only has no use been made of this 
gain in the form of higher working stresses, but on the 
contrary a virtual decrease in working stresses has been 
brought about through the development of more precise 
and comprehensive calculation of stresses.’? 

‘“‘TIt is believed that early working stresses were con- 
servative rather than the reverse, and that the record of 
service and the progress of art are such as to warrant an 
increase in working stresses at the present time. The 
Committee is convinced that the demands of safety may 
_ be met by designing under higher working stresses, and, 
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correspondingly, that continuance of the present stress 
basis is uneconomical and inefficient, and retards the 
development of an important branch of the constructive 
arty? 

If the rolling mills will continue to produce structural 
material that meets the recognized standard specifica- 
tions, if the fabricators see that the workmanship is al- 
ways first class and expose the untrustworthy, and if 
both the mills and fabricators will assist the designing 
engineers to establish rules more consistent with modern 
practice, and further lend them assistance in the develop- 
ment of new features of design or execution having eco- 
nomic value, such cooperation of the controlling factors 
of the industry will promote the welfare of all and ex- 
pand the business of steel construction. 


Tue Cuarrman (Mr. John A. Topping): We will now 
hear from Mr. John Brunner, Manager, Department of 
Metallurgy and Inspection, Illinois Steel Co., Chicago, 
the final discussion of the paper on Steel Construction. 


Discussion BY JOHN BRUNNER 


Manager, Department of Metallurgy and Inspection, 
Tllinois Steel Company, Chicago, Iii. 


The paper which Mr. Miller has presented deals with 
a subject which is of vital importance, not only to the 
builders, the steel fabricators, and the steel manu- 
facturers, but also to the general public, on account of 
its bearing on public safety in steel structures, as well 
as economy in their construction and maintenance. 
Buildings and other structures should be designed and 
built to insure them against failure, which may cause 
injury to the public or loss of property. They should 
also be built as economically as possible with the ma- 
terials available. ‘These are the two principal factors 
which the engineer has to consider in designing struc- 
tures. The safety of a structure depends on the proper 
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design, the use of suitable materials, and careful methods 
in the manufacture and erection of these materials. 
Economie construction is obtained by utilizing the ma- 
terials available to the best advantage with due regard to 
safety. 

Steel, as a building material for structures of large 
and relatively slender dimensions, and especially those 
which are required to carry heavy loads with economy 
in the space occupied, has won a recognition in the engi- 
neering profession, as well as with the public, which 
places it ahead of other materials for that purpose. The 
steel which is being used for structural purposes is now 
quite well standardized as to quality and uniformity 
through the development in its making and rolling. The 
specifications for structural steel which are used today 
are the result of a long period of development and im- 
provement, based upon tests and experience. For a long 
time, a variety of structural steel specifications were in 
existence, nearly every designing engineer using his own 
preference as to the particular requirements he would 
specify. It became recognized that standard specifica- 
tions for a structural grade of steel would lead to greater 
uniformity in the quality than that obtained by specifi- 
cations varying in their requirements. Through the co- 
operation of the American Society for Testing Materials 
and the American Railway Engineering Association, the 
standard grade of structural steel now in general use 
was adopted. It is of a quality which has an ultimate 
strength of from 55,000 to 65,000 pounds per square inch, 
and a ductility which readily permits of its shearing, 
punching, bending, and other operations in the fabricat- 
ing shops, without injury. 

In the construction of long-span bridges, special steels 
have been used, such as nickel steel, and in recent years, 
silicon steel. On account of the greater strength of these 
grades of steel, high unit stresses may be used, making 
possible the construction of long-span structures. These 
special steels, however, are not in general suitable for 
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the construction of buildings or structures of common 
dimensions, as the steel has to be specially made and 
eannot be obtained as readily as steel of the standard 
structural grade. Special methods have to be used in 
the fabricating shops and special care taken in the hand- 
ling and erection. Fabricators and warehouses do not 
carry these grades of steel in stock; hence, the various 
sections have to be obtained from special rollings at the 
mills, whereby delay may occur in completion of the 
structure. These conditions substantially increase the 
cost and should be considered by the engineer when he is 
tempted to use special steels in order to reduce the weight 
of a structure. 

In modern construction of buildings and similar struc- 
tures, the length of time required, from the time the 
contract for the construction is made until the time that 
the structure can be placed in use, is usually of economic 
importance. It is, therefore, often desirable to obtain 
the material required in construction, for the first part 
of the structure, from stocks carried at the fabricators’ 
plants or in warehouses. These stocks are now so large 
and well assorted, since the adoption of standard struc- 
tural steel specifications, that nearly all the standard 
sizes can be obtained for quick delivery when the ma- 
terial cannot be delivered by the mills at the time re- 
quired. 

The determination of safe working stresses in steel 
has also passed through a long period of development. 
Ever since iron and steel have been produced in sufficient 
quantities to make them generally available as building 
materials, tests have been made to check the theoretical 
methods of design. Here again the various designing 
engineers have used their own preference as to the safe 
working stresses, with the result that many different 
values are used. | 

For a long time it was considered proper to use a dif- 
ferent unit working stress for the dead load than for 
the live load, and specifications for designing were writ- 
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ten with such requirements. The American Railway 
Engineering Association had this question under con- 
sideration for several years, and finally reached the con- 
clusion that if the live load, together with its impact, 
was properly determined, the same unit working stresses 
should be used for both live and dead loads. 

As structural steel in general has an elastic limit close 
to one-half of its ultimate strength, and as no change in 
the grain structure of the steel under a load within its 
elastic limit will occur which would cause a permanent 
deformation of the steel, it would be safe to stress the 
steel up to this limit without failure. However, it is de- 
sirable to have an ample factor of safety, and for this 
reason, structures should be so proportioned that they 
will not be stressed up to that limit. - 

At the time the American Railway Engineering Asso- 
ciation discussed the proper value of unit working 
stresses in railroad bridges, the rolling stocks of the 
railroads were rapidly increasing in weight and capacity, 
and it was felt that if a unit working stress within a safe 
limit based on the loading then in existence was adopted, 
railroad bridges would soon become too light to carry 
a future increase in the loading. Hence, a unit working 
stress in tension of 16,000 pounds per square inch was 
adopted as a standard to be used in designing railroad 
bridges. This working stress is so conservative that it 
permits a substantial increase in loading before a rail- 
road bridge so designed is overstressed. 

The unit working stresses in compression members and 
other parts not in direct tension were adjusted to har- 
monize with the adopted unit stresses in tension. These 
unit working stresses have gradually become standard in 
designing railroad bridges. Shortly after they were 
adopted, they were incorporated in hand-books for de- 
signing buildings, although they were not originally in- 
tended to be used for that purpose. 

It is customary to allow existing railroad bridges to 
be used until the working stresses in tension have reached 
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a limit of 26,000 pounds per square inch, provided the 
bridge in other respects is in good condition. This is 
consistent with good engineering experience and practice. 

In the construction of steel frames for buildings and 
similar structures, the load which the structure has to 
earry during its life can be determined in general at the 
time the structure is designed. Hence, it is unnecessary 
to provide for any future increase in the loading. It is, 
therefore, obviously safe to use considerably higher 
working stresses in designing structures of that kind 
than in designing railroad bridges. It is an economic 
waste to design steel frames for buildings and similar 
structures in which the loads during their lifetime can be 
predetermined, with as low working stresses as are used 
in designing railroad bridges. 

The American Society of Civil Engineers appointed 
a committee some time ago to study the question of 
proper working stresses in steel frames for buildings 
and other structures. It is to be hoped that their find- 
ings will be published before long so that the structural 
engineers may have the benefit of their investigation. 

The American Institute of Steel Construction has 
taken a step in the right direction towards better 
economy, and at the same time is maintaining safety by 
increasing the working stresses in tension from 16,000 
pounds per square inch to 18,000 pounds per square inch 
in steel frames for buildings and similar structures. Tn 
adopting 18,000 pounds per square inch, the American 
Institute of Steel Construction has acted conservatively, 
in that a working stress in tension of 20,000 pounds per 
square inch can be safely used in the standard grade of 
structural steel referred to above. 

While the opinions on working stresses in tension have 
varied considerably in the past, and are still at variance, 
the opinions as to the proper working stresses to be used 
in compression members in a structure are much farther 
apart. 

A large number of tests on compression members have 
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been made and many empirical formulas have been de- 
vised by different engineers based on their own interpre- 
tation of the results of the tests. There is still, as Mr. 
Miller says, such a variation in the working stresses 
determined by these formulas that one designer may use 
a formula which requires much heavier sections than that 
determined by a formula used by another designer for 
the same load. This is a condition that should be cor- 
rected, in order that steel frames for buildings and other 
structures may be designed economically within the limits 
of safety. 

The formula proposed by the American Institute of 
Steel Construction is logical and conservative and is in 
harmony with the tension working stresses. It is a 
formula extended to apply to long slender members 
which are often used in the lighter parts of certain 
classes of buildings. Many of the formulas now in use 
are limited so that they give zero value for such members. 

There seems to be a feeling among certain structural 
engineers that a standard grade of structural steel of 
higher ultimate strength than that now used would be 
desirable. Consideration should be given to the thought 
that a steel with higher ultimate strength and corre- 
spondingly higher elastic limit might be of greater value 
than the present grade, even though the ductility would 
be lower. 

In discussing a change in the standard structural 
grade of steel, it should be borne in mind that fabricators 
and warehouses are holding large stocks of the present 
standard grade, and that a change might bring about an 
economic loss, unless it is made so gradually that these 
stocks could be used. 

It may be pointed out that the existing specifications 
eall for a rivet steel which must meet certain physical 
properties in the rivet rod before it is made into rivets. 
As the steel in rivets is heated twice before they are 
driven, the value of such tests is questionable. Rivets 
can be classed as forgings, on account of being subject 
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to similar treatment, and as steel for forging purposes 
is in general made to chemical specifications, it would 
seem logical to make rivets to chemical specifications. 

The rivet steel used today is an inheritance from the 
time when iron rivets were used and the rivets were 
driven by hand hammers. When steel rivets took the 
place of iron rivets there was still some doubt as to their 
relative safety compared with iron rivets, and it was 
deemed necessary to make them as soft as possible. 

At the present time it can be safely said that all rivets 
in steel structures of any importance are driven by power 
_ riveters or air hammers. Harder rivets than those used 
~ at present could, therefore, be driven without any partic- 
ular difficulty. Furthermore, steel rivets have been used 
so long that their reliability has been firmly established. 

If a steel of the same hardness as the standard struc- 
tural grade of steel was used for rivets, the strength of 
the riveted joints would be increased in proportion to 
the increase of the elastic limit. An increase in the hard- 
ness of the rivet steel should be made by using a higher 
manganese content, thereby giving the steel in the rivet 
a greater resistance against overheating in the rivet 
furnaces, and thus obtain safer rivets. 

In concluding this discussion, I want to state that the 
work which the American Institute of Steel Construction 
has done in preparing their Standard Specifications for 
Design, Fabrication, and Erection of Structural Steel for 
Buildings, and their Code of Standard Practice, will 
assist in bringing about better structures and greater 
economy in the use of structural steel in buildings, and 
at the same time maintain a desirable standard of safety 
of such structures. 


Tun Cuamman (Mr. John A. Topping): We have just 
one more paper before luncheon, gentlemen, ‘‘ Water- 
cooled Boiler Furnace Walls’? by Mr. H. D. Savage, 
Vice-President, Combustion Engineering Corporation, 
New York. 


WATER-COOLED BOILER FURNACE WALLS 
H. D. Savace 


Vice-President, Combustion Engineering Corporation, 
New York 


The phenomenal growth in the utilization of Central 
Station power generated by public utilities in the United 
States in the last few years has necessitated rapid devel- 
opment in the production department of this business. 
There has been no more rapid progress in any depart- 
ment than that of the steam generating field. The de- 
velopment of larger electrical generating units has nat- 
urally made necessary not only the development of larger 
boilers, but boilers that could be efficiently operated at 
higher ratings. 

To rate a boiler having 10,000 square feet of exposed 
heating surface today as a 1000 H.P. boiler is decidedly 
misleading, for such a boiler, if rated on a horsepower 
basis, is capable of developing easily and continuously 
3,000 to 4,000 boiler horsepower and produces this at 
higher sustained efficiencies than was possible a few 
years ago at the more moderate rating prevalent at that 
time. The development of these high ratings and the 
call for high efficiencies at such ratings have naturally 
put a more severe duty upon the furnace than it was pos- 
sible to meet with the old standard refractory furnace 
construction. The wide-spread adoption of pulverized 
fuel firing emphasized this and made necessary the study 
of means of producing boiler furnaces capable of with- 
_ Standing the severe operating conditions imposed. 

Much has been written recently about the efficiency of 
different firing devices. Boiler furnace efficiency must 
naturally resolve itself into three things: 
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1. A low carbon loss through the ashpit. 

2. A high CO, in the firebox. 

3. Complete combustion in the furnace. 


One of these conditions very materially affects the fur- 
nace, namely, the high CO,. If a high CO, is produced 
in the firebox, an intense therma! condition prevails, and 
while it has been possible to develop refractory materials 
that withstand extremely high temperatures in the lab- 
oratory, these same high heat-resisting refractories may 
not meet the severe conditions of actual operation, due 
to the influence of the fluxes in the ash. This is espe- 
cially true where high sulphur in the form of pyrites oc- 
eurs in the coal, and this type of coal is so frequently met 
with throughout the United States as to make it prac- 
tically a standard condition. 

Great credit must be given to the Bureau of Mines and 
to the Refractories Manufacturers’ Association for the 
intensive study and practical work they have been doing 
in recent years in connection with this development, but 
it must also be borne in mind that they are working with 
a product of nature which can be but little improved, and 
their results must tend more toward mechanically per- 
fecting the product than to chemical change increasing 
thermal resistance. A recognition of this condition led 
to the study of means for either reducing the stress to 
which the refractories were submitted or means of re- 
placing the refractory walls. The progress of this de- 
velopment may be logically considered as: 


1. Hollow wall refractory furnaces. 
2. Steam-cooled walls. 
3. Water-cooled walls. 


The hollow wall made of refractory materials was 
quite a forward step, but these walls were found more 
practical when pulverized fuel or fuel oil was employed 
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than when stokers were the firing medium, due to the fact 
that in pulverized fuel and fuel oil firing, air infiltration 
was not extremely detrimental as in stoker firing, and 
that in stoker firing, if the inner lining of the hollow walls 
was made sufficiently thin so that the air-cooling might 
be effective on the refractories, then the necessities of 
cutting away clinker or the abrasive action of the movy- 
ing fuel took away the wall as quickly as the extreme 
thermal conditions would have affected a solid wall. 

As to steam-cooled walls, or, more properly, the plac- 
ing of the super-heater so as to form a wall surface, it 
may be noted that the amount of cooling obtained from 
this source must naturally be limited, as the area possi- 
ble to expose in the furnace is governed by the amount 
of superheat required, and up to the present time, re- 
sults obtained would indicate that this method of cooling 
is not yet out of the experimental stage. 

Several attempts have been made in the past to de- 
velop some method of water-cooling side walls, either 
ordinary boiler tubes having been placed just inside an 
ordinary solid brick wall, or so placed that shaped brick 
filled the openings between the tubes, or the tubes were 
entirely faced with brickwork. Each of these methods 
presented difficulties, either of structure or of operation. 

In 1923, Mr. Thomas EK. Murray, Vice-President of the 
New York Edison Company, who had for a number of 
years been interested in the development of electric weld- 
ing, conceived the idea of welding light fins on ordinary 
boiler tubes and placing them in the furnace in such man- 
ner that the fins slightly overlapped between the tubes 
and formed a continuous metal wall. Much doubt was 
expressed as to the heat transfer value of these fins and 
fear was entertained that, due to this fact, the fins would 
rapidly burn off or be eroded. However, in December, 
1923, at the Hell Gate Station of the United Electric 
Light & Power Company, three approximately 1,500 
HP. Springfield cross-drum boilers, stoker-fired, were 
equipped with these Murray fin walls and have been in 
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continuous operation since then with practically no 
deterioration of the fins or the tubes after nineteen 
months’ operation. Many experiments have been tried 
on these boilers during that time, so that the Murray fin 
walls might be tried under extreme conditions of 
operation. 

For the benefit of those who are not familiar with this 
furnace design, it may be well to briefly describe it. Fig. 
1 shows an isometric view of the screen installation at 
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Fig. 1—Isometric view of fin tube screen installation. 


Hell Gate and Fig. 2 shows a cross-section of the same 
installation. These side walls consist of 4 in. tubes 
arranged vertically on each side of the furnace and 
spaced on 7% in. centers. Hach tube has two longitudinal 
steel fins welded on it diametrically opposite each other, 
and when placed in the boiler furnace the fins overlap, 
thus presenting a continuous water-cooled surface to the 
radiant heat of the furnace. The lower portion of the 
tube is covered by fireclay tile for a short distance above 
the stoker. This extends along a horizontal line the entire 
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Fig. 2—Cross section of installation shown in Fig. 1. 
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length of the furnace. These brick are so placed in stoker 
installations along the line of the fuel bed but are not 
used in pulverized fuel furnaces. 

The water in the tubes forms a part of the regular 
boiler circulation, the lower ends of the tubes being con- 
nected by headers leading to the mud drum. The upper 
ends of the side-wall tubes are connected to a header, 
which in turn discharges into the boiler drum through 
a special set of nipples and headers in front of the drum. 

The water-cooled side walls not only replace practically 
all the brickwork in the side walls, but afford consider- 
able protection to the front and rear walls by absorbing 
the heat which they reflect and thus lowering the 
temperature of the face of the wall. 

To anyone familiar with the difficulties of brickwork 
maintenance, the logic of the water-cooled walls is at 
once evident. Not only is the problem of brickwork 
maintenance in large boiler settings an item of consider- 
able expense, but the loss of capacity of steam-generat- 
ing equipment rendered idle by necessary repair periods 
is of even greater importance. In the older plants 
in which smaller boilers and furnaces are employed, 
it is not unusual to complete a major brickwork repair 
job over a week-end or holiday period. With the larger 
settings several days are required, and each boiler 
represents a larger percentage of the total steaming 
capacity than it did in the older stations having a larger 
number of small boilers. 

In days past, due to small units, the outage due to 
necessity for brickwork was not such a serious matter, 
and the necessities of stoker operation required consider- 
able outage for stoker repairs and upkeep, so that brick- 
work maintenance might be done during these periods. 

Now that the tendency is toward larger boilers and 
pulverized fuel firing with the contingent ability to 
operate for long periods without the necessity for main- 
tenance shutdowns caused by firing equipment, and 
since any outage on larger boilers must of necessity be 
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Fig. 3—Water-cooled fin tube walls in combination 
with air-cooled refractories. 
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for longer periods, its seems well to do away with the 
limiting factor which brick walls would naturally place. 
upon such an installation. 

Another tendency at the present time is toward pre- 
heating combustion air. Pulverized fuel firing in com- 
bination with air heaters makes possible very high 
ratings and produces naturally very high efficiencies, 
which means a very intense heat in the furnace, making 
the necessity for water-cooled walls practically impera- 
tive. With water-cooled walls installed under such con- 
‘ditions, the units may be kept on the line for long periods 
without any more liability of shutdowns than is caused 
by the boiler itself under present conditions. 


TABLE A 


SUMMARIZATION OF TESTS 

Data Collected Top Third Pass 
olor pmrmbEr: To pits of oe esis «ow Bee a ne 11 5 tik 5 aust 5 
RE Pen COAG SPE GIST onc tds yon Ee a pio ccce, evens ow he 152 155 202 204 252 252 
Flue gas temperature °F. ......:........ 490 523 536- 568 565 604 
rare mienes, water - 250 xo. sme se ees wes .28 AL .76 B89. 1.29 =1-30 
GOs Pervcenk jeceset aes Se heen 2 oe oe 12.7 13.4 12.9 133 13.8 14.8 
ee DOMECe Ota tye ieee rere a oe da esis 3 6.4 5.9 6.5 5.8 5.3 3.9 
CAME eR C ON Cer ete cer. SMEG ce bade ve 0 0 0 0 0 0 

Data Collected Above Superheater 
ECM RTECLIIPOTS i sleyn niece epedeneus eysvan'sisuesie is 11 5 11 5 11 5 
Pereecent: Patines oa ee ose oe tes 2 oe SSE 152 155 202 204 252 252 
Flue gas temperature °F. ..........-.-.-. 850 991 959 1119 1069 1181 
WOOD MPEP KODILM 2 sive Sieh e O15 ctilens.o a's sie, 5 she. 13.0 13.5 12.5 12.0 12.9 14.4 
ORCL EBT een sete ies tail eieroce 3 Sree reese 5.9 5.7 6.7 (ies 6.3 5.8 
OG EEE CON was Site ote es cuss Ska oala oh Pele 0 0 0 0 0 0 

Data Collected Below Superheater 
GUO? AUTRES oh he ot Rakes So aietbetea as cid 5 11 5 11 5 
Were CeNG. LATE Gees a Mee nate eee seas ee 152 155 202 204 252 252 
Blue gas temperature “VW. ...-...8-.+2-:: 1038 1273 1184 1380 1274 1469 
(Gis gilerb (CAN Dane ee 6 cue Rinne nat conno ts i323) oles wiasoee tao Lae 91378 
Damp at a COME ee Arai fon iske etre sensi, 77 . 5.9 5.9 5.9 6.6 5.1 4.4 
QOEPCENCAUY reek ses ores oe eee 0 0 0 0 0 0 

General Data Collected or Computed 

PS OMGT MINUNADEL a ncteveatts =. suscshs stesso we -cuss 11 5 11 ti 11 5 
Poe Conte r Aline astern of seth tyeecire, oe ‘ 152 155 202 204 252 252 
Superheat temperature °F. ........---.- 602 670 632 689 641 698 


05 -06 :09 12 19 15 


Draft in furnace, inches of water 
Drop in flue gas temperature through 


Superheater, degrees Fahr. ........ 188 282 225 261 205 288 
Draft increase through superheater, inches 

GEM WALOID Ole eiteh sie anche Ble eaielel sale ee OL 01 a 03 .06 aus 

t 2 2 i 


Duration of tests, hours ........---..+- 2 2 
Boiler No. 11 is equipped with fin tube side walls, fin tube back wall and water 
screen over the bottom of furnace. 
Boiler No. 5 is equipped with water screen over bottom of furnace and water screen 
over back wall. Side walls refractory. 
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Fig. 3 shows the application of a water-cooled fin 
furnace in combination with an air-cooled refractories 
furnace now being operated on one of the 1,800 H.P. 
boilers at the Cahokia Station of the Union Electric 
Light & Power Company, St. Louis. It will be noted that 
considerably over half the side wall is screened as well 
as the back wall. It was suggested when this design was 
offered that too much cooling might be obtained. This 
boiler was put in operation in March, 1925. It has been 
impossible, up to now, for outside reasons, to run com- 
plete tests which we had hoped to present at this time. 
However, Table A shows comparative data gathered 
from several observations and gives a clear indication 
of what may be expected. The following deductions may 
be made from these observations: 

1. The flue gas temperature is 32° to 39° F. lower in 
boiler No. 11 equipped with fin tube walls than in boiler 
No. 5 equipped with refractory side walls. This reduc- 
tion in flue gas temperature makes the overall efficiency 
about one per cent higher. 

2. Since, under standard conditions, the flue gas 
temperature from a boiler 20 tubes high will be 25° to 
30° F. lower than from a boiler 15 tubes high, it may be 
assumed that a boiler 15 tubes high with fin tube side 
walls will have as low flue gas temperature as a boiler 
20 tubes high with refractory side walls, and since the 
fin tube walls present very efficient evaporating surface, 
it may be further assumed that under ordinary condi- 
tions a 15 tube high boiler equipped with a fin tube 
furnace would serve the purpose of an ordinary 20 tube 
high boiler. 

3. Since the temperature of furnace gases entering a 
boiler with fin tube side walls is about 400° F. lower than 
in a similar boiler with refractory side walls, the 
temperature of gases entering a boiler with refractory 
side walls is about 2400° F., whereas the temperature of 
gases entering a boiler with fin tube side walls is about 
2000° F'., the same weight of furnace gases will enter 


WATER-COOLED BOILER FURNACE WALLS—SAVAGE 123 


the boiler with a velocity 15 per cent lower with the fin 
tube side walls than the gases in a furnace with refrac- 
tory side walls. This lower velocity will reduce draft 
loss through the boiler and also reduce the slagging of 
the boiler tubes. 


4. The temperature of gases entering a convection 
type superheater is about 200° F. lower in a boiler with 
fin tube side walls than in a boiler with refractory side 
walls. Therefore, in a boiler with fin tube side walls, 
the superheater must be located nearer the furnace. 
That is, if the superheater in a boiler with refractory 
* wall is located above the sixth row of boiler tubes, it 
should be placed above the third or fourth row of boiler 
tubes in a boiler with fin tube side walls. 

In the above deductions, 1 and 2 show in what way 
the fin tube side walls in the furnace increase the 
efficiency and make the boiler operation easier. 

Since, on the above basis, the fin tube walls are to be 
credited with only about one per cent increase in effi- 
ciency, other reason must be looked for to warrant the 
adoption of these walls. The outstanding and most 
valuable feature of the fin tube water-wall construction 
is, of course, reduced maintenance. 

Fig. 4 shows a combination of fin furnace and Bigelow- 
Hornsby boiler together with an underfeed stoker and 
air heaters. The fin furnace may be applied to any type 
of firing, either pulverized fuel, fuel oil, or stokers. It 
may be applied to existing plants on either large or 
small boilers and in many cases may be applied to present 
installations without making any changes in the settings, 
by simply installing the tubes in front of the present 
brickwork which would serve as a suitable backing and 
would practically end the necessity for the continuous 
patching and repairs which of necessity are being 
frequently made under present conditions, if solid-wall 
furnaces are being used and any sort of efficiency or 
capacity is being obtained. 
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Fig. 5 shows such a suggestion for application to some 
600 H.P. B&W boilers where oil firing is used and where 
brick maintenance is naturally high at corresponding 
capacities. This application as shown was intended to 
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Fig. 4—Fin tube furnace with Bigelow-Hornsby boiler, 
underfeed stoker and air heaters. 


be made without disturbing present furnaces, would cost 
but little more than the brickwork necessary at the time 
the design was made and would eliminate in the future 
this upkeep item. 
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Figs. 6, 7 and 8 show similar applications under differ- 
ent conditions of firing. 

We very frequently have engineers in charge of 
stations say, ‘‘Oh! well, I don’t have much brickwork 
repairs and I wouldn’t be justified in putting in water- 
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Fig. 5—Fin tube furnace with Babcock & Wilcox boiler and oil firing. 


cooled furnaces.’’ This statement, if true, would only 
mean one thing, that a large capital expenditure has been 
made in order to operate boilers at a low rating in order 
that brickwork maintenance may be saved, or that com- 
bustion efficiency is not what it should be. 
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It is certain that, where such a statement is truthfully 
made, there has been an unwarranted capital expendi- 
ture for boiler heating surface and that full advantage 
is not being taken of maximum evaporative possibilities 
and present high capacity firing mediums, which are of 
economic value even taking into consideration the higher 
brick maintenance necessary to such operation and are 
of much more economic value when water-cooled walls 
are substituted for refractories. One plant in the Hast, 
as efficiently operated as any of its contemporaries, but 
at the same time operated to its fullest capacity possi- 
bilities, had an expenditure of approximately $8,000 per 
year per boiler for boiler brickwork maintenance. The 
installation of the water-cooled fin walls practically 
eliminated this item of repairs, as in a year’s operation 
there was practically no money spent on furnace wall 
maintenance. 

The progress of water walls since the conception of 
the Murray fin tube has been very rapid. There are 
(April, 1925) approximately sixty-five boilers equipped 
or being equipped with this type of wall in the United 
States and ten in England. 

The high cost of boilers and accessories and the proven 
ability of modern firing methods to produce high ratings 
for long periods with high economy have made obsolete 
the rating methods of not more than a year ago, and 
the progressive engineer must discard his boiler-horse- 
power calculations and figure strictly from a standpoint 
of evaporation per square foot of heating surface and 
bear in mind constantly that the pounds of coal possible 
to fire efficiently under a boiler today bear no relation 
to his calculations of yesterday. This is most strikingly 
illustrated in the case of a new station, projected for the 
eastern part of this country, where the original figures 
made on the basis of underfeed stokers operating under 
the most favorable conditions showed a necessity for 44 
boilers of approximately 15,000 sq. ft. heating surface 
each, and where the present figures revamped to cover 
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pulverized fuel firing and fin furnaces, which have been 
adopted for this station, indicate a necessity for only 32 
boilers of approximately 15,000 sq. ft. heating surface. 
The curves on the chart, shown as Fig. 9, very clearly 
indicate why this is so. The boilers, operating at the 
higher rating made necessary by the fewer number, will 
produce, at the average rating at which they will be 
required to operate 6214 per cent of the time, 1.5 per 
cent higher efficiency than would have been possible with 
the 44 boilers at the lower average rating that would have 
been required. This consideration of modern equipment 
in this plant made a capital investment reduction of ap- 
proximately $4,000,000 on the boilers and boiler acces- 
sories alone, and this does not take into consideration the 
saving made in very high-priced real estate due to a 
smaller sized boiler plant. 

It is quite possible that in many old plants, where new 
boilers are contemplated, the addition of the fin furnace 
would permit much higher ratings and efficiencies, so that 
the purchase of the additional boilers might be postponed 
for several years to come. 

Some question has been raised as to the effect the 
welding of the fins might have on the strength of the 
tubes. We have made numerous tests on finned and un- 
finned tubes and find that there is practically no reduc- 
tion in the strength of the tube due to the welding of the 
fin. The author recently witnessed a hydrostatic test of 
a 4 in., No. 6 gage tube, 4 ft. long, on 2 ft. of which fins 
had been welded, the other 2 ft. being plain. The pres- 
sure was run up to 6,000 lbs. per sq. in. when a leak de- 
veloped in the end plug, but no bulge or rupture occurred 
anywhere in the vicinity of the fins. The standard rup- 
ture test for a tube of this type is 6,200 lbs. 

The ideal steam generating unit of the future. as it 
appears from present indications, may be looked forward 
to as a boiler easily and quickly accessible for cleaning, 
equipped with fin tube water-cooled furnaces, pulver- 
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FORNACE Volume ABOVE 
WATER SCREEN ~ 11,300 CUFT 


Fig. 10—Ideal application with fin tube water-cooled furnace, 
pulverized fuel firing, medium sized economizer 
and large air heaters. 
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ized fuel firing, medium sized economizer and large air 
heater. Such a combination will be ideal from the point 
of view of both capital expenditure and economical oper- 
ating cost for the reason that the boiler furnace may be 
operated to its maximum combustion possibilities with- 
out fear of side-wall deterioration, that full possible ther- 
mal extraction will be made before the gases are freed 
at the exit of such combination and that such combination 
when viewed not from the horsepower rating of the 
boiler, but from the maximum evaporation obtainable 
from the unit, will present the highest economy for the 
lowest possible capital expenditure. Such combination 
is shown in Fig. 10. 

In designing a new plant, the inclusion of water-cooled 
walls may be so made as not to make the cost of such in- 
stallation greater than when refractory walls are used. 

It is to be noted that most of the citations in this paper 
relate to progress and improvements made in steam pro- 
duction in the central station field. It is regrettable that, 
up until very recently, more interest has not been paid 
to this feature of operation in the industrial field. 

The general attitude of the industrial executive, until 
very recently, has been that the cost of steam was but a 
small item on the cost of his product and that steam was 
a necessary evil. In view of the present economic condi- 
tions surrounding fuel, labor and competition, it is im- 
perative that the industrial executive treat his steam — 
department as he does any other manufacturing depart- 
ment, for while it is true that in the case of steel, for 
instance, steam is but a very small item per ton of prod- 
uct, the aggregate cost of fuel, labor and maintenance in 
the steam plant assumes large proportions, and the pro- 
gressive, far-seeing executive, who makes this a depart- 
ment, places in charge the same intelligence as he does 
in the open-hearth, blast furnace or mill, and gives the 
head of the department the same emoluments in propor- 
tion that other heads receive, will soon realize the hene- 
fits to be derived from such reorganization. 
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THe CuHarrman (Mr. John A. Topping): The first 
discussion of Mr. Savage’s paper is by Mr. D. S. Jacobus, 
Advisory Engineer, The Babcock & Wilcox Co., New 
York. 


Discussion sy D. S. Jacosus 


Advisory Engineer, The Babcock & Wileox Company, New York 


Furnace wall cooling by means of water tubes or boxes 
is not new. Marine boilers built by The Babcock & Wil- 
cox Co. were fitted with side wall furnace cooling as 
early as 1875. The Bettington boiler for burning pow- 
‘ dered fuel employed side wall furnace cooling tubes as 
long as twenty years ago. New elements are, however, 
involved in applying this method of cooling to the large 
furnaces and fuel burning conditions of the present day. 

Side wall furnace cooling tubes were installed about 
two and one-half years ago in connection with a Bab- 
cock & Wilcox boiler, fired with powdered coal at the 
plant of the West Penn Power Company, Springdale, 
Pa. These tubes were placed on the furnace side of the 
rear wall and gave satisfactory results. Since that time 
a number of furnaces for our boilers have been supplied 
with various arrangements of wall-cooling tubes. 

Engineers differ considerably in their ideas respect- 
ing the amount of cooling surface that should be pro- 
vided and the way in which the cooling tubes should be 
arranged. We have co-operated in all cases where the 
tubes are used in connection with our boilers, in order 
to make sure that they will be installed in a proper way. 
Often preliminary designs are submitted that would 
surely give trouble, either through defective circulation 
or through expansive strains due to the way in which 
the tubes are supported. When one considers the move- 
ment caused by the expansion of the various arrange- 
ments of cooling tubes such as are now used, it will be 
apparent that great care must be taken to avoid exces- 
sive strains. 
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If one compares the modern boilers and furnaces for 
high-capacity central power plant service with what were 
in use 20 years ago, he will be struck with the relatively 
large size of the present furnaces. These larger fur- 
naces involve special problems of their own, and there 
has been a growing tendency to cool the walls to reduce 
brickwork maintenance. 

We are often asked about the effect of using furnace- 
cooling tubes on the temperature of the flue gases leav- 
ing the boiler. We have made a number of measure- 
ments on actual installations and compared the results 
with theoretical deductions. The effect of the use of 
such tubes on the flue gas temperature is a difficult one 
to estimate. The rate at which heat is absorbed by a 
surface exposed to the direct radiant heat varies as the 
difference of the fourth powers of the absolute tempera- 
tures. It can be readily appreciated that a comparatively 
small amount of surface installed as furnace wall cool- 
ing tubes will absorb a greater amount of heat per square 
foot of surface than a larger amount, as the effect of 
installing the tubes is to reduce the furnace temperature, 
which in turn reduces the rate at which the radiant heat 
is absorbed. The falling off of the furnace temperature 
due to the use of the cooling tubes also decreases the 
amount of heat absorbed by the boiler proper. The 
higher the furnace temperature for a given boiler and 
setting, the higher, under ordinary conditions, will be 
the efficiency. As far as we can tell on the basis of the 
measurements we have made, together with our theo- 
retical estimates, the following rule is approximately 
correct: 

Kixposing a relatively small amount of cooling surface 
in the form of furnace wall cooling tubes to the direct 
radiant heat of the furnace will result in a somewhat 
lower flue gas temperature than if the same amount of 
surface were added to the boiler by increasing the num- 
ber of rows of tubes in height. The limit of the amount 
of surface that can be used in the form of furnace wall- 
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cooling tubes placed inside the furnace walls with a three- 
pass boiler to give a lower flue gas temperature than if 
the same tubes were added to the boiler, is about the 
equivalent of a single horizontal row of the boiler tubes. 
If a greater amount of surface than this is installed in 
the form of furnace wall-cooling tubes, the effect on the 
flue gas temperature, within a limited range, will be the 
same as if the tubes were added to the boiler. If the 
tubes are placed in grooves in the walls, or if they are 
encased in the walls, the absorption will, of course, be 
less. 

It can be appreciated that this rule is necessarily 
_ approximate. The effect of the cooling on the combus- 
tion of the fuel in the furnace will not be as great in a 
large furnace as in a small furnace. Where there are 
flames or where there are particles of burning fuel in 
suspension, as in the case of powdered fuel, the radiant 
heat produced by the combustion at the center of the 
furnace may be intercepted either in whole or in part 
before it reaches the side walls. This, aside from the 
other indeterminate elements, shows the impossibility of 
making any exact estimates and also emphasizes the fact 
that the only way of determining the proper arrange- 
ments to employ will be through the results secured with 
actual installations over long periods of use. 

There isa lack of data on the effect of side wall cool- 
ing tubes on the exit gas temperatures for various fuels 
and conditions of service. With the large boilers now in 
use it is an extremely difficult matter to obtain an ac- 
curate measure of the average temperature of the flue 
gases from a single boiler. It is all the more difficult 
to obtain comparative readings with and without the 
use of furnace wall-cooling tubes in boilers with and 
without such tubes. A slight change in furnace condi- 
tions, as well as a difference in the cleanliness of the 
boiler tubes, will lead to variations in the results. An 
instance of such variations is afforded by certain com- 
parative figures of the flue gas temperatures in the boilers 
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at the Union Electric Light & Power Company, St. Louis, 
which differ materially from those given in Table A of 
the paper. Some of the figures for the two arrange- 
ments of furnaces are about the same. 

The differences given in Table A vary from 33°F. at 
about 150% of rating to 39°F. at 250% of rating. <As- 
suming that the equivalent amount of heating surface in 
the furnace wall-cooling tubes were placed in the boiler 
proper, our estimates would indicate that there would 
be a lowering of the flue gas temperature of from 20° to 
30°F. over the range given in the table, whereas the 
lowering of the temperature due to the furnace wall- 
cooling tubes given in Table A is from 33° to 39°F. This 
brings out the small gain to be expected from the use 
of furnace wall-cooling tubes in place of installing the 
same amount of surface in the boiler, 

There is a statement in the second deduction (on 
page 9 of the paper) respecting Table A which may be 
misleading. This is that the flue gas temperature from 
a boiler 20 tubes high will be 25° to 30°F. lower than 
from a boiler 15 tubes high. This is the difference to 
be expected for three-pass boilers if each of the boilers 
is operated at about 150% of its rated capacity. If in 
place of operating the boilers at the same rated capacity 
they are operated to generate the same total weight of 
steam per hour, the difference would be higher. For 
example, with a 20-tube boiler operated at 150% of its 
rating and a 15-tube boiler operated at a correspond- 
ingly higher rating in order to generate the same total 
amount of steam as the 20-high boiler, the difference in 
the flue gas temperatures would be about 60°F. Again, 
it is stated that a boiler 15 tubes high, with fin-tube side 
walls, will have as low a flue gas temperature as a boiler 
20 tubes high with refractory side walls. According to 
our best estimates, a 15-tube high boiler with three passes 
of the gases over the tubes, fitted with an arrangement 
of fin-tube side walls as in Fig. 3, would give about the 
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same flue gas temperature as an 18-high boiler with 
three passes with refractory furnace walls. 

It must not be inferred that these remarks are pre- 
sented with the idea of discouraging the use of furnace 
wall-cooling tubes. The use of these tubes, as has been 
pointed out in the paper, reduces the cost of upkeep and 
lessens the shut-down periods required for making fur- 
nace repairs. Again, in some cases where there is no 
wall cooling it may be necessary to operate with a greater 
amount of air than that required for complete combus- 
tion in order to avoid failure of the brickwork. The ex- 
cess air may be admitted either with the main body of 
air used for combustion or supplied at certain points to 
reduce the temperature of the brickwork locally. By 
cooling the furnace walls in such cases the excess air can 
be minimized and there will be a corresponding saving. 
Another advantage is that furnaces can usually be oper- 
ated at higher capacities with cooled walls than without 
cooled walls. While some engineers have pinned their 
faith on the use of cooling tubes, others favor air cool- 
ing the walls. Those who are working on the develop- 
ment of large boiler furnaces deserve every credit for 
the advance that is being made and time alone will show 
the capability of each method of cooling and its particu- 
lar field of application. 


THe Cuaraman (Mr. John A. Topping): There will be 
a further discussion of this paper at the afternoon 
session. 

Tue Secrerary: The afternoon session will be held 
at two o’clock in the room beyond known as the Hast 
Ballroom. 

The meeting was then declared adjourned and a recess 
was taken for luncheon. Members reassembled at two 
o’clock in the East Ballroom, Mr. E. A. 8. Clarke, Secre- 
tary of the Institute, in the chair. 
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Turn Cnatrman (Mr. E. A. S. Clarke): Gentlemen, 
please come to order. I have been asked to open this 
meeting. 

Mr. Savage’s paper on Water-cooled Boiler Furnace 
Walls will be discussed by Mr. George A. Orrok, 
Advisory Engineer, New York Edison Co., New York. 


Discussion By GEeorce A. Orrok 


Advisory Engineer, New York Edison Company, New York 


The Institute is to be congratulated on the paper we 
have just heard, which covers the later developments of 
the water-cooled furnace in connection with the raising 
of steam. This is particularly timely because of the in- 
crease in furnace temperatures which the better and 
newer devices have made possible in boiler furnaces. 
The large number of boilers being equipped with water- 
cooled furnaces is an indication of the very general in- 
terest manifested in this development. 

But, while stating many of the advantages of this type 
of furnace, Mr. Savage has neglected that one advantage 
which appeals most strongly to the operating man, and 
which should appeal to the members of the Institute, and 
that is, the effect of the water-cooled furnaces on the 
amount of work done in the lower rows of tubes which 
are exposed to the radiant heat of the furnace. In the 
ordinary boiler these tubes often do 50 per cent. or more 
of the total work of evaporation, which means that they 
scale up very much more rapidly than the upper rows 
and are much more liable to erosion and deterioration 
resulting in greatly increased maintenance and outages 
for repair. The installation of the water-cooled furnace 
takes away from these tubes quite’a proportion of their 
work by the utilization of radiant heat in the water- 
cooled surfaces, and cuts down the amount of scale de- 
posited in the lower row of tubes, without, however, 
changing to a serious extent the total amount of heat 
passing into the boiler by radiation. 
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If we add to this the opportunities for higher ratings 
and the large maintenance savings, the possibilities of 
reducing the cost per 1,000 pounds of steam are very 
attractive to the boiler plant operator. From our own 
experience at Hell Gate and Sherman Creek, we feel that 
the maintenance on these furnaces will be only a small 
fraction of what has obtained in the ordinary refractory 
lined furnace, and, while the fin tube linings have been 
in use for nearly two years, there has been no sign up to 
date of deterioration, either in the tubes or in the fins. 
Troubles from scale have been minimized and the action 
of the boilers has been exceedingly regular. 

Our own experiences with the water-cooled furnace at 
Hell Gate have been particularly happy, the different 
test results of combined efficiencies running as high as 
92 per cent. on our high rating tests, with longer term 
tests giving efficiences in the neighborhood of 89 to 90 
per cent., and this with stoker operation. The yearly 
efficiencies at Hell Gate have been of a very satisfactory 
nature, the station operating in the neighborhood of 1.3 
pounds of coal. | 

At the Sherman Creek station we have six boilers pro- 
vided with water-cooled walls, where a number of experi- 
ments with powdered coal furnaces are being under- 
taken. This work has extended now over a year and 
efficiencies for boiler and superheater alone have run as 
high as 85 per cent. Speaking broadly, the operating 
results achieved through the use of these furnaces are 
most satisfactory and further installations are under 
construction, with others in contemplation. 


Toe Coatrrman (Mr. HE. A. S. Clarke): We have now 
reached the regular program for the afternoon session. 
The first paper is ‘‘Classification of Carbon Steel 
Billets,’’ by Mr. Charles O. Hadly, General Manager of 
Sales, Alan Wood Iron & Steel Co., Philadelphia, Pa. 

Mr. Hapty: Mr. Chairman and gentlemen of the 
Institute: A few days ago I happened to be in Wash- 
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ington with my daughter on my return from White 
Sulphur. We had a few hours and took a sight-seeing 
bus through the city. We passed Henry Ford’s assembly 
plant or warehouse, and the very obliging guide informed 
us that this building had been ‘‘erected by the Baron of 
Detroit, the man who made walking a pleasure.’’ Now, 
he did not say whether he had in mind a Ford car or a 
Lincoln. I do not happen to own either, but the thought 
occurred to me that there is just as much difference con- 
tained in the innocent term ‘‘steel billets’’ as there is in 
motor cars between the Ford and the Lincoln; so that, 
if I do not cover the entire subject in this brief paper, 
you can supplement it with your own thinking and con- 
clusions. 


= 


CLASSIFICATION OF CARBON STEEL BILLETS 


CuHartes O. Hapiy 


General Manager of Sales, Alan Wood Iron & Steel Co., 
Philadelphia, Pa. 


Every article produced from steel, whether by the open- 
hearth, bessemer, or crucible process, has, at some stage 
of its manufacture, been in the ‘‘semi-finished’’ form, dif- 
fering in shape and size, and designated as billets, blooms, 


~ and slabs. 


This paper refers mainly to the carbon steels produced 
by the basic open-hearth process, which leads in point of 
tonnage, no reference being made to the so-called ‘‘ Alloy’’ 
group, nor to electric furnace products, on which separate 
standards and classifications apply. 

While the preliminary approach is perhaps from a tech- 
nical or production standpoint, it is equally necessary to 
consider commercial and distribution problems. Billet 
classification develops toward practical solution when 
confronted with its own difficulties of application, and 
should therefore be liberated from any speculative or con- 
troversial haze into the full light of experience as related 
to final use, where appraisal of related technical and com- 
a factors culminates. 

< Wetike to think that we produce, classify and sell by 
akc of logic and statistics and yet they have not always 
_ been observed or used as a guide. In some cases con- 


~ausions or actions appear to have been based on incom- 


plete factors with more or less taken for granted by both 
producer and consumer. 

- After making due allowance for human eccentricities, 
production prejudices, psychological competitive phenom- 
ena and trade experiments conducted on a somewhat ‘‘hit- 
or-miss”’ plan, it is evident that more than a superficial 
study is necessary to realize what is really involved in 
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attempting to meet commercially the demands for ‘‘qual- 
ity combinations’? which various buyers think, or know, 
they want for their specific purposes, or which they may 
honestly conceive to be necessary to promote and perpet- 
uate their particular business. 

The Association of American Steel Manufacturers rec- 
egnizes, in ‘‘Manufacturers’ Standard Practice on Bil- 
lets,’ the fact that different parts of a piece of steel vary 
in composition, and provides methods of checking chem- 
ical analysis. That organization, purely technical in its 
character, has contributed much toward classifications 
under technical headings, such as, for instance, on Forg- 
ing Billets ‘‘discard,’’ ‘‘injurious piping,”’’ ‘‘undue segre- 
gation,’’ and ‘‘injurious defects,’’ but does not further 
define them nor indicate what are permissible ‘‘surface 
defects’’ or ‘‘internal defects.’’ 

Naturally such terms, together with ‘‘chipping,’’ ‘‘ heat 
treatment,’’ ‘‘finishing processes,’’ ete., cannot be un1- 
formly or minutely defined and are comparative or rela- 
tive. Their scope and meaning can only be commercially 
interpreted in connection with individual requirements. 
This presents an involved problem as applying to each 
unit of any given finished article, which is far removed by 
intervening processes from the original heat, ingot, or 
bar from which it came. 

In the earlier years of steel production, billet classifica- 
tion soon appeared under two general classes, based sim- 
ply on the process or method of working the billet, 2.e., 
‘‘rerolling’’ and ‘‘forging’’ (with provision for ‘‘axle’’ 
requirements). 

The ‘‘rerolling,’’ or base grade, contemplated ordinary 
rerolling uses, not over .25 carbon or with range of ‘‘not 
exceeding .15 carbon.’’ The billets were rolled into com- 
modities on which there were the usual regular chemical 
ranges, and with the most simple, if any, physical tests. 
No one would have thought of specifying, for instance, 
carbon ‘*.08 or under’’ or low sulphur or phosphorus 
without special negotiations. 
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As needs developed for the higher carbon steels, differ- 
entials of from $1.00 to $5.00 were added to the rerolling 
base, for carbon ranging from .26 to 1.25 or over, with 
others for manganese, sulphur, phosphorus, silicon, etc., 
when other than ‘‘standard.’’ Rerolling billets were sell- 
ing from $16.00 to $20.00 per ton, with common labor 
$1.35 per day, freight rates approximately one-third of 
their present level, and additions such as ferro-manga- 
nese, fluorspar, ete., available at comparatively low cost. 

With some exceptions, these differentials, however, 
have not been concurrently adjusted in keeping with 
higher billet values. Meanwhile there has been an in- 
creasing tendency toward greater severity of buyers’ 
specifications, including chemical analysis, physical prop- 
erties, surface requirements, internal defects, inspections, 
guarantees, etc., the technical and commercial interpreta- 
tion of which suggests approximate perfection in the art 
of steel-making and demands the ‘‘cream”’ of the product. 
The buyers’ difficulties woula be theoretically over, under 
such ideal conditions, if they were realizable, and his ex- 
pectant attitude is fortified by real or imaginary compe- 
tition in his particular finished product or in the billet 
market itself. What justification is there commercially 
for basing any special steel billet classifications today 
on the ordinary ‘‘rerolling’’ basis of a decade ago, which 
contemplated a ‘‘run of the mill’’ product, procurable at 
the lowest level of cost, and on a high yield tonnage basis 
without special selection or further cost items? 

It is obvious that there have arisen legitimate uses for 
rolled products which were not contemplated under the 
old ‘‘rerolling’’ grade, such as billets for bars for tools 
in great variety, slabs for material which is pickled, cold 
rolled, and highly finished for deep drawing purposes, 
plated and polished. Similarly in the manufacture of 
specialties in seamless tubing, where inspection on the 
finished tubes for both inside and outside defects is 


severe. 
Forging bars are a rolled product, but billets suitable 
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for the purpose cannot be graded as ‘‘ Rerolling’’ on ac- 
count of specified requirements and necessary results 
after forging, more particularly after drop forging. 

These products are primarily ‘‘rolled’’? and in many 
cases the billet requirements can only be mct by the 
equivalent of forging grade or some special classification 
demanding great care in steel-making details, and corre- 
spondingly increasing the cost of the marketable product. 

Forging grade was provided for forging purposes, that 
is, to be shaped under the hammer rather than by rolling 
and usually machined. In forgings, too, the forgeman 
and the steel maker were faced with new demands de- 
veloped by new and insistent uses. oe 

Steel manufacture has grown from primitive knowl- 
edge and methods to its present greater efficiency in pro- 
duction, but is not yet a perfected art, and there are 
technical and commercial cross-currents which challenge 
our metallurgists, operating managers, sales organiza- 
tions and executives, and enlist the earnest consideration 
and co-operation of all beneficiaries. 

Be it said to the credit of the industry that the steel 
maker threw himself into the task with splendid spirit, 
resorted to research and experiment, provided at great 
expense costly and improved equipment, and highly or- 
ganized Technical and Operating Departments; but while 
absorbed in these commendable activities, it may be 
truthfully said that. some abuses and paradoxes, pri- 
marily due to ‘‘overlapping’’ classifications, crept into 
both the Rerolling and Forging grades and the important 
item of cost of production, under the increasingly severe 
and rigid specifications and inspection requirements of 
buyers, was either lost sight of by managers or cost 
accountants, or did not impress itself until cost sheets 
were verified by figures disclosed in red in the balance 
sheet. When such a business or commercial handicap 
exists, and the eventual unfavorable reactions occur, there 
is created an intolerable economic condition which ealls 
for modification to whatever extent is reasonably neces- 
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sary in order to avoid menacing the trade structure 
jointly reared by producer and consumer. 
Assuming that ‘‘Rerolling’’ and ‘‘Forging’’ are the 
primary grades, billet classification would be based on 
Standard ‘‘ Rerolling’’ billets, for rerolling where 
there are no further or special specifications. 
Standard ‘‘Forging’’ billets, for forging where 
there are no further or special specifications. 
When the specification or requirements exceed or 
transcend these grades, suitable and special classifica- 
tion should be based on 
(1) The use or purpose. 
(2) Specification of requirements of the buyer. 
(3) Relation to cost of meeting the specified re- 
quirements. 


Lhe user of billets for rolled and forged articles, while 
keen and alive to all of the difficulties of maintaining a 
uniform ‘and high standard of quality at the lowest possi- 
ble cost for his own finished product, does not fully ap- 
preciate that the same production anxieties and hazards 
exist in the plant of the steel maker,-who to insure or 
guarantee the desired combinations is forced to higher 
standards and costs, notwithstanding that in periods of 
over-production there is pressure to dispense with ade- 
quate and fair classification, suitable under the circum- 
stances, by substituting what might be termed a tendency 
toward generalization, which if followed would entail on 
the steel industry the anomalous task of supplying high 
grade specialties at or near commodity levels. 

A classification directly related to particular use would 
avoid discrimination and prevent hardship or economic 
loss to the steel manufacturer or consumer, as the case 
may be, and a detailed classification of finished products 
themselves points the way. 

Classification of finished steel products follows more 
closely the lines of their specific use than does semi-fin- 
ished steel, and a careful study of these classifications 
indicates that they are based on authentic and complete 
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information. A similar method or procedure would 
assist in clarifying Billet Classification by establishing 
principles which would reasonably protect both producer 
and consumer under standardized classifications, so far 
as practicable. 

There is no set formula, or convenient rule of thumb, 
by which commercial classification of billets can be se- 
‘eured along lines of good practice and sound policies by 
both maker and user without reasonable constructive co- 
operation. 

Regardless of the particular line of activity in which 
we may be engaged, we are all concerned with the pro- 
duction and the use of steel which in its diversifications 
is a difficult but, nevertheless, worthy and all-engrossing 
task. We would be supermen indeed, away beyond any- 
thing that industry has yet shown us, if in the energy, 
skill and concentration required in our manufacturing 
and technical departments to bring these activities to suc- 
cessful issue, the same individuals could also visualize 
and solve all the problems of accounting and distribu- 
tion which today confront our companies, who realize 
in addition to increasingly complex manufacturing and 
technical problems, their administrative, economic and 
commercial responsibilities. 


THe Cuarrman (Mr. E. A. S. Clarke): Discussion of 
Mr. Hadly’s interesting paper is first by Mr. John F. 
Hazen, General Manager of Sales, Pittsburgh Steel Co., 
Pittsburgh, Pa. 


Discussion By JoHn F. Hazen 


General Manager of Sales, Pittsburgh Steel Company, Pittsburgh, Pa. 


It is a privilege to discuss Mr. Hadly’s paper on 
‘Classification of Carbon Steel Billets’? because I am 
conscious of his knowledge of steel, particularly in spe- 
cialized grades, and of the vital relation the subject bears 
to the industry as a whole. 
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Developments in the use of steel for automobiles, steel 
furniture and lumber, tools, seamless tubes and a multi- 
tude of other purposes have, as gleaned from Mr. 
Hadly’s remarks, imposed on the steel maker new re- 
sponsibilities. Commercial classifications of semi-fin- 
ished steel are often found inharmonious with technical 
standard specifications and out of adjustment with actual 
mill conditions as may be determined from buyer’s speci- 
fied requirements and purposes of usage. 

Any buyer of steel should give the seller a most con- 
cise and clear statement of the use to which the steel is 
to be put. If they wish to buy ordinary rerolling billets 
and make watch springs, it is out of the question as far 
as commercial mill practice is concerned, and yet this is 
done in a lesser degree by consumers who order regular 
steel on special work. 

Chain people simply specify for material which gives 
them a good finished product. Chemical analyses and 
physical tests should not be too rigid. One or the other 
should govern absolutely. 

Any grade of steel not covered by the American Soci- 
ety for Testing Materials or the Association of Amer- 
ican Steel Manufacturers should be classified by the con- 
sumer in some definite way when inquiring for prices. 

When steel is wanted free from all surface defects the 
eustomer will not specify chipping but ‘(nermits’’ chip- 
ping under certain conditions. 

Cracks and scabs can be taken care of by the steel 
maker if the Sales Department-has a knowledge of what 
the consumer actually needs for a satisfactory product 
and how much of what he says may be fad or fancy, but 
the seller should not accept the responsibility of injuri- 
ous surface defects not consistent with good billet mill 
practice when the buyer attempts to substitute rerolling 
billets for forging billets. 

Tolerances have narrowed to a point not uniformly 
attainable. Nearly every commitment requires special 
qualifications and nearly every heat must be designed for 
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some special purpose. Off-heats often entail direct losses 
and are at other times disposed of with great difficulty. 
Selection of special heats should be penalized to the ex- 
tent that the average of other heats is depreciated. 

Chemical analysis is not always the determining factor 
in manufacture, for with similar accuracy of judgment it 
is probable that two manufacturers working with differ- 
ent equipment would be compelled to employ divergent 
processes to obtain like perfection in the semi-finished 
product. One maker might meet a requirement with top 
poured ingots while another must pour bottom cast and 
utilize other treatment in addition for desired results. 
Practice as to the amount of discard from the top of the 
ingot may vary with individual ideas or products. Ideals 
change with circumstances and the final consensus of 
opinion could not be expected to concur throughout the 
entire industry. The use of a greater or lesser portion 
of hot metal and the grade or proportions of serap in the 
open-hearth furnace may be a matter of choice or actual 
need and the time and conditions of running a heat are 
subject to experiment or necessity in procuring satisfac- 
tory outcome with the recording of such fluctuating cir- 
cumstances in the form of definite figures in the Account- 
ing Departments. 

While some of these problems are of a segregated or 
local nature others bear a distinct relation to the class 
of goods and should receive consideration. 

Methods and equipment have reached a high state of 
efficiency. Competition and perpetuation of industry de- 
mand continued research, economy and maintenance of 
high standards of quality and service. Durability rather 
than initial cost is the ultimate test of value, but the 
steel manufacturer cannot bear all these burdens without 
practical commercial classification; particularly in pexj 
ods of depression when inspection is the most severe and 
inconsistencies are most likely to oceur. 

A fair consideration to labor and capital is essential 
to a general condition of prosperity, but this is improb- 
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able unless each phase of mill activity involving special 
operation, treatment or limitation participates not only 
in a reasonable profit but a reserve for further improve- 
ment. 

Mr. Hadly’s conclusion that special billet classification 
should contemplate usage or purpose and specification 
of buyer’s requirements as related to costs of meeting 
such necessity in addition to suitable basis for ordinary 
rerolling and forging billets simplifies the course of 
direct thought and is worthy of the most favorable com- 
mendation. 


THe CHarrman (Mr. HE. A. S. Clarke): There will be 
further discussion of Mr. Hadly’s paper by Mr. Clinton 
S. Bradley, General Manager of Sales, Jones & Laughlin 
Steel Corporation, Pittsburgh, Pa. 


Discussion By Crinton 8. BrapDLey 
General Manager of Sales, Jones & Laughlin Steel Corporation, 
Pittsburgh, Pa. 

Mr. Hadly’s paper on the Classification of Steel 
Billets is a timely one, and in commenting thereon we 
take the liberty of digressing to a certain extent, in order 
to bring home the point we believe is uppermost in his 
mind, namely, that in arriving at a standard classifica- 
tion for rerolling billets, advantage should be taken of 
the knowledge already gained in standardizing other 
commodities. 

Mr. Hadly states that the term Rerolling Billets origi- 
nally contemplated only run-of-mill products, procurable 
at the lowest costs and on a high-yield tonnage basis. 
Therefore, we cannot see any commercial justification 
for selling steel billets made to specifications at prices 
based on the run-of-mill rerolling classification of a dec- 
ade ago. For instance, specifications for billets often 
call for restricted chemical limits, entire freedom from 
seams, quality suitable for case-hardening, free-cutting, 
deep-drawing, etc. 
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In upbuilding his particular commodity the user 1s 
generally a couple of laps ahead of the steel maker in his 
exactions, as it is much easier for the user to reduce the 
number of his operations than for the steel maker to 
meet the increased demands. For example, in free-cut- 
ting steel all the user has to do is to increase the speeds 
of his machines or take a wider or deeper cut. We ap- 
preciate that this is good business from the user’s stand- 
point, i.e., to increase his output and thereby lessen costs, 
but in his anxiety to do this the burden in most cases 1s 
passed on to the steel maker, and it is not always prac- 
ticable to keep pace with the exacting demands, even by 
taking precautions entailing extra expense, for which the 
user is not always in a frame of mind to pay. 

It is our experience that when a new development or 
improvement requires added expense in steel making, 
at first the users are willing to compensate the steel 
maker for the extra expense, but after a time, when the 
practice becomes general, especially in dull periods, pres- 
sure is brought to bear on sales organizations to accept 
the exactions without extra charge, the plea in many 
cases being that other steel makers are doing so and the 
steel maker accepts the requirements without realizing 
that the material is being sold for less than actual cost. 

An unfortunate feature is that many purchasing 
agents, in specifying, use what might be called a rubber- 
stamp method, demanding special qualities for all the 
material they purchase when perhaps this is only neces- 
sary for a small part of their requirements. 

In the case of hot rolled bars, the distinction between 
commercial bar steel and special forging quality bar 
steel is now clearly defined in the two specifications 
adopted December, 1924, by the Association of American 
Steel Manufacturers. 

The appearance of these two specifications has served 
to accentuate the need for similar specifications covering 
blooms, billets and slabs, all of which are included in the 
general term— Billets. 
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Both the Association of American Steel Manufactur- 
ers and the American Society for Testing Materials, 
these being two of. the principal steel specification-mak- 
ing bodies in America, have specifications for Billets for 
Forging Purposes, but neither has framed companion 
specifications for rerolling billets. 

Mr. Hadly’s proposal, therefore, in effect is that con- 
sideration be given to the framing of specifications for 
rerolling billets, to the end that the existing situation 
may be terminated. To do so would be a comparatively 
simple matter since the distinction between rerolling 
billets and forging quality billets could be drawn in as 
clear a manner as it has been drawn between commer- 
cial bar steel and forging quality bar steel. 

Briefly—the difference in the two classifications of bar 
steel causes the maker to adhere to the following pro- 
cedure in making steel. . 

Forging Quality Bar Steel—Melts applied within 
shortened chemical limits in order to provide additional 
margin against variations in check analyses; arbitrary 
discards for the purpose of minimizing pipes and segre- 
gated impurities which are more apt to occur in the in- 
ferior metal at the top of each ingot; careful selection 
and chipping of billets, including a search for surface 
seams such as could become injurious in forgings; also 
other precautions depending upon mill conditions, in- 
cluding surface inspection of the bar product and tests 
for seams. 

Commercial Bar Steel—Melts applied on ladle analy- 
ses within the full chemical range specified; entire 
product of the ingot applied after making the usual 
crops; chipping, if any, only with the view of eliminating 
flaws which might prove troublesome in the bar mill; 
inspection of bars in bulk without reference to seams. 

From the above it will be seen that the distinction lies 
in the precautions taken in the forging quality material 
for the purpose of creating uniformity of composition 
and freedom from seams. 
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With companion specifications of this kind, the extent 
of the responsibility resting with the steel maker and 
user respectively should be better understood. The user 
who prefers to take the risk of buying rerolling billets 
for purposes in which the forging quality would be more 
suitable, would then be doing so with a clear understand- 
ing of the hazard, and there would be less occasion for 
disappointment than exists in the present situation. 

There would be a better appreciation on the part of 
the user that the modest extra charged for forging 
quality in billets covers service actually performed in the 
steel plant, for which the user should be glad to pay, for 
by so doing he eliminates risk and waste, and, in addition, 
secures a better product and a larger yield. 

A specification framed to meet. the needs of the situa- 
tion should provide: 

1. An easy system of nomenclature to facilitate corre- 

spondence and commercial transactions. 

2. A system whereby the needs of the user may be 
gaged, thereby enabling the steel maker to secure 
an adequate return for the precautions made neces- 
sary to meet the requirements. 

A system whereby the user may purchase billets 
with reasonable assurance that they will meet his 
requirements in the grade ordered. 

A specification such as suggested will enable the seller 
and purchaser to discuss their transactions by using the 
same terminology. The classifications, therefore, should 
be such as to provide a distinction between materials in- 
volving extra metallurgical and operating costs as com- 
pared with commercial materials for ordinary uses, so 
that this extra expense may be recoverable by the steel 
manufacturer. 


oo 


Tue Cuarrman (Mr. H. A. 8. Clarke): Further dis 
cussion of Mr. Hadly’s paper is by Mr. W. W. Williams, 
General Sales Agent, Pittsburgh Crucible Steel Cox 
Pittsburgh, Pa. 
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Mr. Wittiams: I cannot resist carrying the analogy 
made by Mr. Hadly between a steel billet and a Ford 
or a Lincoln car a little further; that is to say, that many 
of the steel buyers today expect Lincoln quality at Ford 
price. 


Discussion By Mr. W. W. WitiiaMs 


General Manager of Sales, Pittsburgh Crucible Steel Company, 
Pittsburgh, Pa. 


Mr. Hadly has so admirably covered this subject in its 
general aspects that it remains for us briefly to empha- 
“ size one point. 

It is generally recognized that a small percentage of 
the tonnage sold as commercial rerolling billets is prop- 
erly or fairly described by that too-elastic term. In the 
past ten years many finishing mills rolling bars mainly 
for structural purposes and using billets with no special 
quality requirements have installed their own furnaces 
and blooming and billet mill equipment. This develop- 
ment has taken out of the semi-finished market most of 
the tonnage which Mr. Hadly has described as ‘‘run of 
the mill product, procurable at the lowest level of cost 
and on a high yield tonnage basis without special selec- 
tion or further cost items.’’ Much of the balance of trade 
commercial billet tonnage is for special purposes, such 
as for rerolling into cold rolled strip steel; into bars for 
tools; and even directly into automobile axles and other 
heavy-duty parts. These purposes preclude the possi- 
bility of commercial rerolling grade, as originally and 
properly understood, being uniformly satisfactory. Since 
in the last analysis the steel manufacturer must furnish 
billets, regardless of the commercial term, satisfactory 
for the purpose for which they are sold, the only satis- 
factory solution is to have a classification of carbon steel 
billets that will recognize the special quality require- 
ments of certain industries consuming a heavy tonnage 
of billets. We believe that no fair-minded individual or 
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firm will object to a billet classification that is equitable 
both from a manufacturing and market standpoint. In 
fact, it is on the well known fairness of the steel trade, 
both buyers and sellers, that we base our hopes for the 
working out of a proper and fair commercial classifica- 
tion of carbon steel billets. 


Tue CuHairman (Mr. HK. A. 8S. Clarke): Mr. Hadly’s 
paper seems to have been of distinct interest to the meet- 
ing. I think it should be. It covers one of the abuses 
which have grown into the steel industry in course of 
time. 

I am reminded of something the late Alexander 
Thompson said to me some few years ago, which I think 
contained a great truth, namely, that in any manufac- 
turing business 80 per cent. of success is in merchan- 
dising and the rest in operation and so on. 

I believe that abuses, such as Mr. Hadly speaks of and 
that these other gentlemen have met, have really come 
in through poor merchandising; and I do not mean to 
be in the attitude of criticizing the salesman, but rather, 
as a general proposition, bad executive merchandising 
under stress of times of low demand, desire to run the 
mill, and a thousand and one other things that you 
gentlemen know better than I do, pressure to weaken a 
little to get an order, and as a result sell something the 
buyer is really not entitled to at the price. 

I think Mr. Hadly’s paper is well deserving of the con- 
sideration of all steel manufacturers. 

Our next paper is ‘‘Industrial Progress in China’? by 
Dr. Chengting T. Wang, former Acting Premier and 
Minister of Foreign Affairs, Republic of China. In the 
absence of Dr. Wang, Mr. Theodore Tu of Columbia 
University has kindly consented to read Dr. Wang’s 
paper. 

Mr. Tv: Mr. Chairman and members of the Institute: 
By way of preface I would like to say. I am very sorry 
Dr. Wang could not be here himself. I know that Dr. 
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Wang is one of the few far-seeing men among the 
Chinese leaders who sees that China can be strong and 
can co-operate with other nations through the industrial- 
ists of China, so that I am very happy to read his paper 
this afternoon, which I know will arouse your sympathetic 
understanding of China’s conditions, especially along 
industrial lines; being experts in this particular field I 
know you are interested in his paper. 


INDUSTRIAL PROGRESS IN CHINA 


Dr. Cuenctine T. Wanc 


Sometime Acting Premier and Minister of Foreign Affairs of the Republic 
of China, Vice-Speaker of the Senate, Plenipotentiary 
Delegate to the Paris Peace Conference, ete., ete. 


To those who are accustomed to form a gloomy picture 
of China from the vivid recitals of civil strife, floods and 
famines as well as other calamitous visitations published 
in the American press, the title of this paper may appear 
somewhat presumptuous. As a matter of fact, however, 
no apology is required or even needed. Civil wars, floods, 
famines, and other necessary evils may come and go, but 
a nation of four hundred million patient, industrious, 
peace-loving and thrifty people who have consistently 
obeyed the Fifth Commandment, and who have witnessed 
the rise and fall of their Babylonian, Assyrian, Egyptian, 
Greek and Roman contemporaries do not perish so easily. 
That it is the intention of the Arbiter of Nations that 
they ‘‘shall inherit the earth’’ seems more than obvious, 
and given more favorable circumstances there is no doubt 
that the contributions of one-fourth of the human race to 
the progress and happiness of mankind will yet be 
greater than the invention of printing, gunpowder, and 
the mariner’s compass. The state of stress and turmoil 
in which China finds itself today is but an inevitable 
stage in its natural development, and although the same 
has unfortunately continued for over twelve years, we 
may take comfort in the assurance that the foundations 
of the new China will thereby be more firmly laid. Rome 
was not built in a day, and therefore a civilization of at 
least forty centuries’ standing cannot be renovated in a 
decade or two. What is more, China is a Republic of 
vast distances, and the reforms which our Western 
friends would desire to see established in the country 
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surely require more time and facilities than have so far 
been vouchsafed to it. Nevertheless, in spite of numerous 
handicaps—handicaps both natural and unnatural—there 
is no gainsaying that the China of today is no longer the 
China of yesterday: the metamorphosis is unmistakable, 
and in the eyes of competent observers the Republic has 
actually made greater progress than it was thought 
capable of in the space of a short decade. 

It is not proposed here to traverse the entire field of 
China’s progress, comprehensive information regarding 
which may be found admirably set forth in an illustrated 
475-page volume entitled ‘‘China Awakened’? by my 
friend Dr. M. T. Z. Tyau, a jurist and publicist of inter- 
national reputation. The present discussion will merely 
survey the nation’s industrial progress. 

While it might be an exaggeration to characterize this 
progress as an industrial revolution, a more fitting de- 
seription would probably be industrial awakening. Since 
the nation’s industries have for centuries been built up 
on the old, hand-driven methods and appliances, it would 
be unfair to expect that they could all be transformed in 
ten or twenty years, for, as already mentioned, China is 
a country of immense distances and long epochs. The 
progress to be noted has rather been achieved along mod- 
ern lines, lines that are long familiar to the West. In 
another generation or two, the majority of native indus- 
tries will perhaps be modernized, but in the meanwhile 
the introduction of Western civilization during the last 
three-quarters of a century seems to have only touched 
the fringe of China’s proverbial resources. 

To begin with, from an agricultural country the Repub- 
lic of China is slowly becoming industrialized. Endowed 

with rich, natural resources and teeming with an indus- 
trious population, it seems that the day will not be far 
distant when China may be classified by the historians 
of the world as a manufacturing country. Whether the 
dawn of that day will occur in our own lifetime or that of 
our children will depend upon the co-operation or other- 
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wise of the Powers enjoying treaty relations with the 
Asiatic Republic. 

Those who are acquainted with the Disarmament Con- 
ference have no doubt been impressed by the fact that the 
Powers assembled in Washington definitely committed 
themselves to a policy of assisting the Chinese Republic, 
and the Chinese people themselves remember with grati- 
tude the generous actions of that Conference. At the 
same time, it is to be regretted that, owing to the exigen- 
cies of the situation, the Washington Conference did not 
do more for the Chinese people; for if the maximum 
amount of co-operation had been rendered, there cannot 
be the slightest question of China’s forging ahead in 
every line of national development in what will be ac- 
claimed as record time. 

The promotion of education, the development of indus- 
tries and the prosecution of necessary reforms require 
not only initiative and enthusiasm but especially the al- 
mighty dollar. But the last is just what China lacks. 
The United States and other Powers enjoy the right of 
fiscal autonomy and are enabled to tax foreign goods 
to the benefit of their national treasuries and home indus- 
tries. China, however, is in the unenviable position of 
having to tax foreign goods according to a meagre tariff 
established by the treaties concluded eighty years ago 
with the United States and many other Powers. Theo- 
retically, goods entering Chinese ports were bound to pay 
9% ad valorem, but it was only since the beginning of 
1923 that such goods could be made to pay an effective, 
as distinct from a nominal, 5% ad valorem. The extent 
of China’s loss of revenue can readily be imagined. 

The Washington Conference has indeed brought up the 
nominal 5% to an effective 5% ad valorem, but it cannot 
be seriously suggested that such generous treatment of 
foreign goods will suffice to enrich the country. In the 
United States and elsewhere the tariff rates are not uni- 
form for luxuries, raw materials or necessaries of life, 
whereas upon entering Chinese ports foreign goods of 
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whatever nature have, during the last eighty years, been 
paying a flat rate of nominal 5%. In despair of securing 
enough revenue properly to run the government machin- 
ery, much less to institute reforms, promote industries 
and develop communications, China has had unwillingly 
to fall back upon a policy of taxing, on the one hand, 
Chinese exports (also at the rate of 5% ad valorem) and, 
on the other hand, Chinese products transported from 
one place to another, under an irksome system of Li-kin 
dues, than which there can scarcely be a more effective 
method of killing home industries and stultifying domes- 
tic as well as foreign trade. As a result, the national 
treasury is never filled to overflowing, and funds have 
perforce to be borrowed from especially foreign capital- 
ists for the construction of railways and other inter- 
communication facilities. As a result, there are today 
not more than 7,000 miles of railroad, a few thousand 
miles of good roads, some 80,000 miles of telegraph wires 
and 1,600 miles of cables. And as a result, there are 
today only 180,000 schools and colleges with an attend- 
ance of some seven million pupils. 

It is therefore a credit to the genius and resourceful- 
ness of the Chinese people that despite treaty restrictions 
—_for there are other treaty grants which place foreign 
traders in China upon a more favorable position than the 
Chinese merchants themselves—despite the lack of of- 
ficial encouragement, despite the lack of improved com- 
munications, and despite such paralyzing agencies as 
civil wars, floods, famines and other calamities, the coun- 
try has been able to register so much industrial progress 
as to enable China’s foreign trade in imports and exports 
to jump from two million silver dollars to two billion 
silver dollars in less than fifty years, to enable China 
today to occupy the third place in the world’s produc- 
tion of cotton, and to enable the nation to be gradually 
independent of foreign importations. Among the more 
outstanding features of China’s industrial development 
we may review the following: 


160 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


(1) The growth of the cotton industry and the pros- 
perity of cotton mills. There are today seventy-six 
Chinese-owned cotton mills with 2,639,862 spindles in 
operation and 32,500 spindles under installation, while 
there are 13,403 looms working and 5,625 looms in con- 
struction. In this connection the ‘‘Trade Returns’’ for 
1925, compiled by the foreign-supervised Chinese Mari- 
time Customs, observes: 


‘“The remarkable expansion of the cotton-spinning industry in China 
during the past few years deserves more than passing notice. It is only 
during the last twenty years—that is, since the Russo-Japanese War—that 
modern weaving machinery began to be used on a large scale in China. The 
industry is one which has grown rapidly during recent years, and its further 
extension would appear likely. The future in this direction is pregnant 
with great possibilities, and it is interesting to allow one’s thoughts to 
dwell on the possibility that China at some future date—perhaps not so 
remote as is believed in some quarters—may be in a position to produce 
Chinese-made cotton goods in sufficient quantities to satisfy not only her 
home demand but even to leave a considerable surplus for exportation 
abroad. There is practically no limit to the possible cultivation of cotton. 
Large tracts are annually added to the existing acreage under cultivation, 
and the production of cotton is constantly stimulated by the increased 
demand resulting from the development of the textile industry. . . . 

‘‘ Although little attention was paid in the past to the method of cultiva- 
tion of raw cotton in China, it is pleasing to record that a change is 
noticeable in the former attitude of indifference to the quality and modes of 
production of the raw material. The Government, the Chinese educational 
institutions, and the Chinese Cotton Millowners Association are all com- 
bining for the purpose of improving the condition and aggregate yield of 
the Chinese crops by the introduction of selected American seeds and other 
measures, and their efforts in this direction are already meeting with 
notable success, ’’ 


Consequently, the importation of foreign goods in this 
particular line is gradually decreasing, while the Chinese 
export is increasing, as may be attested by the following 
Customs figures: 


19138 1923 
Cotton goods imported ... 26,178,179 pieces 17,016,884 pieces 
(8 varieties ) 
1922 1923 


Chinese cotton and woolen 


goods exported...... 104,345 pieces 713,605 pieces 
(5 varieties) 


(2) The increase in the number of modern factories 
and their exported output. At the end of 1922 there were 
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no less than 740 factories producing articles of foreign 
type. Among these, 202 manufactured cotton piece goods, 
87 socks and stockings, 69 cotton yarn, 41 cotton towels, 
25 cotton thread; 66 specialized in soap, 42 in candles; 
there were also 38 flour mills, 19 cigar and cigarette fac- 
tories, 11 paper mills, 7 factories turning out slate pen- 
cils, and 7 biscuit factories. Exportation of Chinese fac- 
tory products increased from less than four million taels 
in 1921 to over twelve million taels in 1923 (one tael being 
equal to about seventy cents gold). In addition to those 
already mentioned, the following industries are likewise 
assuming positions of importance: ice and aérated water 
factories, factories for the preparation of egg products, 
canneries, cement and brick works, chemical works, dock- 
yards, shipbuilding and engineering works, electric light 
works, furniture factories, glass and porcelain works, 
cold storage plants, tanneries, oil mills, printing and lith- 
ographic works, railway shops, rice hulling and cleaning 
mills, sawmills, modern silk filatures, silk mills, sugar 
refineries, waterworks, woolen factories, mints and arse- 
nals. Accordingly the ‘‘Trade Returns’’ for 1919 re- 
marked: ‘‘The development of industrial enterprises— 
in textiles especially—was apparently only limited by the 
impossibility of obtaining the necessary machinery. 
There are few foreign-type articles of domestic use that 
are not now manufactured in China by factories on mod- 
ern lines, the majority of them without foreign assist- 
ance.”’ 


(3) The increase in the volume of Chinese exports. 
Last year (1923) out of the total foreign trade of 1,676,- 
320,303 Haikwan taels, Chinese exports aggregated 752,- 
~ 917,416 taels, while the corresponding figure for the pre- 
vious year was 654,891,933 taels. A comparison of the 
figures of some of the principal articles exported from 
China and a few of the articles imported into China dur- 
ing the last decade will indicate the gratifying strides 
already made: 


162 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


Eaports j 1918 1923 
Faw real os -oh aievesteeea ieee Piculs* 149,000 138,423 
Beangake:« oe occas aie re A 11,818,000 19,258,741 
IBGANS ph. o oui sts oie eee ms 10,325,000 18,300,000 
FEIOUTS ao Sieh att enicn ia ere a 119,000 131,553 
Raw. cotton: 2s. eenre= ne ox 739,000 974,574 
ORG SKINS panes ate eis reeee Pieces 7,794,000 7,358 207 
GAS cab acacia cian ote Piculs 1,442,000 801,417 

Imports 
Candlds) si. .steosae eas Piculs 50,383 28,844 
Cigars £5 cs sie, aol ~ Mille 38,565 25,255 
GOAL) cs tit avonie, ate stare ie Tons 1,690,892 1,366,108 
I CHEB ochec aetreetete ck tene feta Gross 28,448,155 2,241,126 
Milk, condensed ........ Dozens 483,720 83,715 


* A pieul is equivalent to 13314 English lbs. 


That a uniform increase has not been maintained in 
all the articles should occasion no surprise, in view of the 
numerous handicaps—both natural and unnatural—al- 
ready alluded to; but it is important to bear in mind that 
the annual volume of exports and imports has steadily 
been increasing, until the foreign trade of China for last 
year was valued at over three billion silver dollars. And 
what is still more important, the adverse balance of trade 
against China is no longer the bugbear that it used to 
be; and although even last year the disparity between 
imports and exports was 170 million taels, the figures for 
1922 and 1921 were even higher,—namely, 290 million 
taels and 305 million taels respectively,—while in 1919 
the imports and exports almost balanced each other save 
for a margin of barely 16 million taels. Hence the 
‘“Trade Returns’’ for 1923 observes: ‘‘It is satisfac- 
tory to be able to point to this steady advance, which 
proves once more the remarkable resiliency of China’s 
foreign trade in the face of adverse circumstances, eco- 
nomic as well as political. . . . As China’s trade account 
closes with a debit balance year after year, it is worthy 
of notice that the situation has been improving during 
the last few years.”’ 


(4) The increase in the number and strength of mod- 
ern, as distinct from native-style, Chinese banks. Of 
these there are now over eighty, with a total authorized 
capital of nearly 400 million silver dollars and paid-up 
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capital of some 170 million silver dollars, and 350 branch 
offices scattered throughout the country. Seventeen of 
these modern banks have their headquarters in Peking, 
the capital, nineteen in Shanghai, the commercial empo- 
rium, eight in Tientsin, eight in Hangchow and seven in 
Hongkong. 


(5) The increase in the number of operated mining 
areas and their output. Following are the latest avail- 
able official as well as semi-official statistics :— 


NLM per OL MINIM eS ALCS. .ocarewis cses oe se oe ors 1,966 
: POROMGINOCES are sepeatetts) ct ueheelsieier ste «se Fin)s 2,142 
ca ECE Fechnical stall CbGra.qtee 218 ste ¢ ste s=1s 9,308 
Anmualomipmn OL COAL. casssrels cies ea cte tele oe ee 19,954,529 tons 
a ge IST Rr engi oe Ree Pe “oh Ea ORC 1,153,491 ‘* 
ee Oy CUR iit ania nn ee ie Berries aa NG are 12,062 <“* 
Oe ee ees LA ine ts ence ct ce estas Uohs Rinne ss SD 06Iaes 


(6) The growth of such important industries as ion- 
works and dockyards. Of the first there are at present 
three in operation, the premier of which is the Hanyeh- 
ping Company, which owns an iron and steel works in 
Hanyang, a rich iron mine and another ironworks in 
Tayeh, and a rich colliery in Pinghsiang, also manganese 
mines and a low phosphorous iron mine, all within a dis- 
tance of 200 miles of each other. Being under financial 
obligations to Japanese financiers, the company exports 
annually 50,000 tons of pig iron and 300,000 tons of iron 
ore to the Japanese steel plant at Yawata. Of dockyards 
there are a few, principally government concerns, exclud- 
ing those owned and run by foreign companies. The 
Kiangnan Dockyard at Shanghai is the most promising 
of all: it recently constructed four 10,000-ton deadweight 
cargo steamers for the United States Shipping Board, 
each 439 feet long, 55 feet beam, with a loaded draft of 
971% feet and equipped with a triple expansion engine, 
while its next-door neighbor, the Nicholas Tsu Engineer- 
ing Works, also owns an iron mine, which is 8 hours dis- 
tant by train. Therefore the ‘Trade Returns’’ for 1919 
remarked: ‘‘Shipbuilding on a considerable scale may 
now be counted as one of the established industries of 
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China, capable of great expansion. According to Lloyd’s 
shipping returns there were launched from Chinese 
yards during 1919 vessels aggregating 12,307 tons.’’ 

Without unduly prolonging the recital, we hope that 
sufficient evidence has been adduced to demonstrate 
China’s industrial awakening. So far as they go, the 
results achieved appear to be satisfactory enough, but 
they can ill bear comparison with those in other coun- 
tries. But given, say, 20,000 additional miles of railway, 
100,000 extra miles of good roads and highways, a decade 
of peace and order and a substantial amount of assist- 
ance from the principal treaty Powers like Great Britain, 
the United States and Japan, the results already attained 
can be increased several fold without much difficulty. In- 
dustrialism has indeed come to stay, and the significant 
augmentation of the following imports is a sufficient 
testimony : 


1913 1923 
Building materials Value, Hk. Tis. 2,444,787 8,990,350 
Casks, empty & shooks ae 634,714 1,248 657 
Electrical materials it 2,322,339 8,480,510 
Gasoline, ete. Gallons 465,577 6,307,815 
India-rubber goods Value, Hk. Tls. 360,529 1,972,479 
Machinery < 4,650,001 14,328,278 
Kerosene oil Gallons 183,984,052 214,835,669 
Lubricating oil Se 2,449,586 7,499,880 
Locomotives and tenders Value, Hk. Ts. 768,628 1,169,680 
Motor ears & lorries ae 485,182 2,155,967 
Liquid fuel Tons 12,065 57,267 


Consequently, what China needs is greater encourage- 
ment and less obstruction. It is therefore earnestly to be 
hoped that the Special Customs Conference authorized 
by the Washington Conference will be convened at an 
early date, so that the Republic of China will be able to 
levy an additional surtax of 214 to 5% on imported 
goods, especially luxuries, and a way will be prepared 
for the abolition of the obnoxious Li-kin dues in return 
for the raising of the treaty tariff to 1214% ad valorem. 
If the original intention of the Washington Conference 
had been acted upon, the Special Customs Conference 
would have been held in the Autumn of 1922, namely, 
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three months after the coming into force of the treaty 
concluded at Washington; unfortunately the incidence 
of circumstances beyond China’s control has prevented 
the consummation. Otherwise, for 1923 the revenue col- 
lected by the Chinese customs service would not have 
been merely 6314 million taels or 95 million silver dol- 
lars, but would have been increased by at least one-half, 
namely, 140 million silver dollars, due to the levying of 
the promised surtax. 

In closing this paper we would like to enter a plea for 
ereater international co-operation and good will. The 
interdependence of nations being already an accepted 
fact, it would be to the interest of all concerned that there 
should be greater international co-operation and assist- 
ance whensoever needed. For greater assistance to 
China would mean the speedy, even if not immediate, 
restoration of her fiscal independence and revision of 
other inequitable treaties, which would at once increase 
the purchasing power of the Chinese people, and the 
- latter would endue to the greater benefit of international 

trade and commerce. International trade engenders in- 
ternational peace, and peace, not war, is after all the true 
criterion of human wisdom. The Chimese people have 
‘always been the most consistent advocates of interna- 
tional peace, and given greater assistance from the Pow- 
ers they can be expected to contribute still more to the 
uplift and happiness of the entire human race. 


Toe CHarrman (Mr. E. A. 8S. Clarke): We are very 
much indebted to Dr. Wang for his very enlightening and 
encouraging paper on the progress of our great neighbor. 

-The next paper is one on ‘‘Steel Castings’’ by Mr. 
W. J. Corbett, Assistant Director, Electric Steel Found- 
ers’ Research Group, Chicago, Ill. 


STEEL CASTINGS 
W. J. Corsetr 


Assistant Director, Electric Steel Founders’ Research Group, 
Chicago, Ill. 


The steel casting industry is divided into two general 
divisions; namely, the manufacture of railway castings, 
such as couplers, side-frames, bolsters, ete., for railway 
ears; and the manufacture of all other castings, gener- 
ally classed as miscellaneous. The first-named division 
is highly specialized, and its product is of a repetitive 
nature. The division devoted to the manufacture of mis- 
cellaneous castings is of the opposite nature, and its 
product is widely diversified both in size and design, 
thereby placing it in the class of industry doing a job- 
bing business. 

Of the total number of people engaged in the steel 
casting industry, the larger portion isin the miscellaneous 
casting branch. Coincident with this fact, the total value 
of miscellaneous castings produced annually is normally 
greater than the total value of railway specialties. 

The number of companies producing railway special- 
ties is relatively few compared with the number making 
miscellaneous steel castings; but on the other hand, the 
average size of the former and the average output of 
these foundries in tonnage of castings are much in 
excess of the latter. Railway castings are purchased in 
large quantities and lend themselves to specialized pro- 
duction processes on a large scale; and when conditions 
warrant the procedure, castings are made previous to 
receipt of orders and placed in stock. Miscellaneous 
castings, meaning those other than railway specialties, 
are purchased in smaller quantities, and each of the 
multitude of designs presents a separate problem in the 
manufacture of a satisfactory product. Because the de- 
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mand for such castings must exist before production can 
be commenced, it is not possible for the foundries pro- 
ducing miscellaneous steel castings to standardize their 
operations and use special equipment to the same degree 
as the other class of foundries. Consequently, the in- 
vested capital and the tonnage produced are distributed 
among a larger number of companies in the miscellane- 
ous easting division of the industry, than they are in the 
railway specialty division. 

Since the manufacture of railway specialty castings 
is really a separate industry in contradistinction to the 
manufacture of miscellaneous steel castings, the prin- 
cipal purpose of this discussion will be to deal with the 
latter, which is of more general public interest than the 
former whose product is confined chiefly to use in a 
single major industry. 

There are two main classes of foundries producing 
miscellaneous steel castings; one, making castings of 
large and medium sizes having metal sections varying in 
thickness from one-half inch up; and the other, making 
small castings having thinner sections. It is generally 
conceded that a distinction should be drawn between 
these two classes of foundries, each of which is better 
qualified than the other to make satisfactory castings 
falling within its field of endeavor. 

The manufacture of large castings involves the use of 
facilities differing from those used in making small cast- 
ings. The amount of floor space must be considerably 
greater, and there must be an adequate system of over- 
head crane transportation to move the molds and cast- 
ings. Large ovens for drying the molds must also be 
provided. The furnaces for making steel and for heat- 
treating the castings must be considerably larger than 
are necessary in the case of small castings. In addition, 
there must be a large investment in massive flask equip- 
ment for molding the various sizes and shapes of the 
numerous patterns from which castings are made. 

It should not be assumed from the statement of these 
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conditions that the manufacture of large castings re- 
quires more skill than does the production of small cast- 
ings. Both branches demand the display of much in- 
genuity. The making of small steel castings probably re- 
quires greater care than does the manufacture of large 
ones, because the smaller the article being produced, the 
greater is the amount of precision necessary to furnish 
a satisfactory product. Minor imperfections, which in a 
large object are not distinguishable or harmful, are 
magnified many times in a small object, to an extent that 
makes them objectionable. 


Steet-Maxine EQurirpMENT 


Three types of melting furnaces are used in steel 
foundries; namely, open-hearth, electric and converter. 
The open-hearth furnace is the melting medium in steel 
foundries making miscellaneous castings of large and 
medium size, and in steel foundries designed solely for 
making railway specialties. The basic-lined open-hearth 
furnace is used practically exclusively in the latter, while 
the acid-lined furnace is used in almost every foundry 
using the open-hearth process for miscellaneous cast- 
ings. The capacities of these furnaces vary from five to 
forty tons, the smaller units being used for making cast- 
ings of medium and small size. Steel can be made at a 
lower cost in open-hearth furnaces than in converters and 
electric furnaces. 

The use of the electric are furnace and the converter 
is generally restricted to the manufacture of small cast- 
ings. This is their logical field, due to the ability to make 
very hot metal in smaller quantities than is practicable 
with the use of the open-hearth furnace. Small castings 
having sections as thin as three-sixteenths of an inch 
require very fluid steel to pour them. Although hot steel 
can be made in the open-hearth, it is usually impractical 
to attain the temperature possible in the other types of 
melting units, on account of the rapid deterioration of 
the walls and roof. Furthermore, the heats from the 
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electric furnace and converter, which are two or three 
tons in size, are smaller than those made in the open- 
hearth furnace, and can be poured more quickly into 
the molds, thereby minimizing the loss in temperature 
and fluidity of metal held in the ladle. Converters as well 
as most of the electric are furnaces used in steel 
foundries are lined with acid refractory material. 


TABLE IE—ANNUAL PRODUCTION OF STEEL CASTINGS BY DIFFERENT 
MELTING PROCESSES IN PERCENTAGE OF TOTAL PRODUCTION 
OF ALL PROCESSES 


Open-Hearth Furnace A 
YEAR Electric Converter Crucible 
Basic Acid Total Nee 
1908 44.8 45.2 90.0 .00 5.94 2.39 
1909 46.7 44.9 91.6 .05 5.16 2.28 
1910 46.0 45.7 91.7 14 6.20 1.56 
1911 41.2 47.0 88.2 .29 8.81 Ppl 
1912 45.8 44.3 90.1 43 (foal Pa, 
1913 45a 44.2 89.3 90 7.89 i 3 
1914 48.3 38.9 87.2 iS 9.50 ~ 1.61 
1915 38.4 46.4 84.8 2.66 10.66 1.70 
1916 44.2 41.6 85.8 ae 10.40 .68 
1917 38.8 45.5 84.3 4.50 11.04 er 
1918 35.9 44.9 80.8 7.67 11.40 .09 
1919 eae 46.0 78.2 11.48 10.11 .10 
1920 35.6 AZ. 1 78.7 12.41 8.38 oie! 
1921 39.0 38.6 ME ee22 6.94 13 
1922 Al.1 39.3 80.4 14.97 4.61 11 
1923 39.2 39.9 79.1 16.85 4.63 13 


The electric furnace is to a great extent displacing 
the converter in the steel casting industry, as will be seen 
by reference to Table I, which is based on figures com- 
piled annually by the American Iron and Steel Institute. 
There are perhaps two reasons for this: one being that 
it is possible to regularly make better steel in the electric 
furnace; the other being that the steel can normally be 
made in many localities at a lower cost in the electric 
furnace than it can be made in the converter. The in- 
itial cost of an electric furnace installation is many times 
that of a converter and cupola. The melting loss in the 
converter is generally from 15 to 20 per cent of the scrap 
metal and pig iron used, whereas this loss is only about 
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5 per cent of the metal charged into the electric furnace. 
Of course, the local cost of electric power has an impor- 
tant influence on the actual difference in the cost of mak- 
ing steel for castings by the two processes. 

There is a certain point in the monthly tonnage out- 
put curve where the cost of operating any electric fur- 
nace mounts rapidly and becomes very much greater than 
the cost of operating any converter. This condition is 
due to the fixed monthly demand charge for power, which 
isa considerable sum that the foundry must pay, whether 
the monthly output of steel is 100 tons or 500 tons. Dur- 
ing the fluctuations in the demand for steel castings by 
consumers, there are corresponding fluctuations in the 
output of the foundry, and when the latter reaches a 
certain point in periods of depressed business the cost 
of making steel in an electric furnace becomes very high. 

Some persons who are not familiar with the steel in- 
dustry believe that all metal made in an electric furnace 
is better than that made in the other melting media, and 
that the metallurgical control of the electric furnace is 
comparatively simple. Hence, they have the erroneous 
idea that steel castings made in foundries using the elec- 
tric furnace for melting steel are always superior to the 
castings made by the other steel-making processes. 
These beliefs cannot be substantiated by observance of 
the practical operations in manufacturing steel castings. 
The making of good steel for castings in the electric - 
furnace requires as much metallurgical skill as do the 
other processes of making steel. 


Founpry PRACTICE 


While it is essential in the manufacture of steel cast- 
ings that the steel be of good quality, there are other 
details of foundry practice of as much or even greater 
significance. A poor grade of steel poured into molds 
used for forming castings nullifies all the care and skill 
used in the other operations in the foundry; and con- 
versely, the best steel that can be made will not produce 
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good castings unless careful consideration has been given 
to other important details. 

The design of the casting and the pattern equipment 
to be furnished by the customer are two very important 
factors in the production of good castings, which neither 
the consumer nor the producer can afford to disregard. 
Sometimes the design of a casting is such as to prevent 
making it in an economical manner, either because it 
would cause great losses in the way of defective cast- 
ings, or because the pattern equipment cannot be con- 
structed in a way to permit rapid production. Altera- 
tions in designs without affecting the utility of the cast- 
ings frequently overcome these difficulties. It is advis- 
able to consult an experienced steel foundryman in re- 
gard to casting design as he can often suggest changes 
that will result in savings to the user, either in the initial 
cost of the castings or in the assembling and machining 
operations at the customer’s plant. | 

Pattern equipment has a great influence on the ability 
of the foundry to make satisfactory castings with the 
least expense. An economic waste occurs when foundries 
make castings from inadequate or improperly con- 
structed patterns or core boxes. This waste can often 
be avoided by close early cooperation between the foun- 
dries and the users of their product. Many of the 
troubles encountered in making the castings or in ma- 
chining and assembling them at customers’ plants are 
traced directly to the use of unsuitable pattern equip- 
ment in the foundry. These difficulties could be elimi-, 
nated to a great extent if consumers of castings would 
obtain the ideas of foundrymen previous to making the 
patterns and core boxes. The customer pays for the pat- 
tern equipment and its maintenance, whether it is made 
by the foundry or by the customer. Sometimes there are 
disadvantages in having the foundry make the patterns 
and core boxes. Even when this is the case, it is desir- 
able for the consumer to obtain the recommendations of 
the foundry before having such equipment made. 
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Some other important details concerned with molding 
and coremaking operations in the steel foundry are the 
sand to be used for molds and cores, the size and loca- 
tion of risers, gates, chills, and fillets, and the venting 
of molds and cores to permit free exit of gases formed 
as the molds are filled with steel. The molding and core 
sand of highly refractory material must be carefully 
selected and mixed with the proper amount of clay or 
farinaceous material to provide the bond or cohesiveness 
necessary to make the mixture retain its molded shape 
when worked in molds and cores. Proper sand mixtures 
are especially important in making steel castings having 
smooth surfaces and freedom from sand _ inclusions. 
When castings are made in green sand, that is, in molds 
not dried before pouring steel into them, great care must 
be exercised in using a molding sand mixture of such 
characteristics that there will be no cutting action of 
the steel on the mold surfaces, and no tendency of the 
gas formed from the moisture and other ingredients in 
the sand to form blowholes in the castings. In this con- 
nection, it might be pointed out that green sand molds 
are used in most cases for making castings of small and 
medium sizes whose sections are not heavy. Larger 
castings having heavier sections are made in molds that 
have been baked or dried to eliminate the moisture. 
Hence, it is not so essential to have as accurate daily 
control of the sand mixtures used for dry sand molds 
as it is for green sand molds, although careful attention 
-has to be given the former at all times. This control per- 
tains particularly to moisture content, cohesiveness, and 
permeability, for which standard testing methods have 
been devised within the last few years by the Joint Com- 
mittee on Molding Sand Research. 

The use of chills, fillets, and brackets, and the s1ze, 
shape, and location of heads (or risers) and gates on 
castings have much influence on the making of satisfac- 
tory steel castings. Inexperience and carelessness in 
observance of these details cause many defects. The 
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contraction of steel must be fully understood if such de- 
fects as cracks and shrinkage holes are to be prevented. 
No definite rules in regard to these can be established 
for application in every case, as each design of casting 
presents a separate problem, requiring individual atten- 
tion on the part of the foundryman, who has even re- 
sorted to the X-ray in some cases to detect hidden de- 
fects, and aid him in improving his molding practice. 

The cleaning of steel castings after they have been 
shaken out of the molds is another item of major im- 
portance included among the many complexities in steel 
foundry practice. Few people have a clear conception 
of the effort expended in preparing steel castings for 
shipment. Even such an apparently simple operation 
as shaking castings out of molds demands the exercise 
of judgment in many instances. After this operation 
has been performed, there are many others through 
which the castings must pass, such as sandblasting, chip- 
ping, removing heads and gates, grinding, welding, heat- 
treating, and inspection. Each of these requires a con- 
siderable expenditure for specialized labor. The effort 
required in cleaning certain types of castings is much 
in excess of that required for other types, and depends 
on the design of the castings as well as on their con- 
dition when received from the molding department. 
When it is realized that castings of hundreds of different 
designs are constantly passing through the steel foundry 
_manufacturing miscellaneous castings, the complexities 
in cleaning steel castings become apparent to many who 
have considered the preparation of castings for ship- 
ment an insignificant feature, and who have formed their 
opinions from experience gained in cleaning iron cast- 
ings. The latter is relatively simple compared with the 
cleaning of steel castings. 

During recent years, steel foundrymen have devoted 
considerable attention to the heat-treatment of their 
product. The term heat-treatment as now generally used 
includes annealing, normalizing, and other processes of 
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heating and cooling used to develop certain physical 
properties in the metal. Not so long ago this operation 
was performed in a rather haphazard fashion in many 
foundries without proper regard for temperature con- 
trol and the time necessary to obtain the desired grain 
refinement of the metal. Now, all progressive steel 
foundries aim to develop the best combination of strength 
and ductility in their castings by careful regulation of 
the heat-treating operation. Knowing that heat-treat- 
ment greatly improves the quality of their product, they 
discourage the shipment of steel castings without their 
being subjected to heat-treatment. 


Cost or Maxine Steet Castines 


The cost summaries prepared monthly or semi- 
monthly and used for controlling manufacturing opera- 
tions in a steel foundry are stated in terms of costs per 
ton of good castings, and they are usually very mis- 
leading to those contemplating the manufacture of steel 
castings for their own use or for sale to others. Such 
costs are simple arithmetical averages that give no con- 
sideration to the costs of individual castings, which have 
a great effect on the profitable conduct of the business. 
They represent the total average costs of making thou- 
sands of castings having different designs, each design 
having an individual cost of production differing from 
the others, and from the total cost used for the prepara- 
tion of monthly financial statements. Fourteen cents per : 
pound may be the average cost of making a large number 
of castings of different designs, some of which may 
range in cost from eight to forty cents per pound. 

There are three main elements in the cost of making 
steel castings; namely, cost of steel, cost of labor, and 
indirect or overhead expense. These are not of equal 
significance; consequently, a fluctuation in the price 
status of one element produces an effect on the total pro- 
duction cost only commensurate with its relative im- 
portance. The cost of labor is the most important 
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element entering into the total cost of making miscel- 
laneous steel castings, and is very much greater than it 
is in many other manufacturing industries. 

The cost of the metal may vary from 10 per cent to 
45 per cent of the total average cost of operating a steel 
foundry. The percentage of the total cost of castings 
represented by the cost of steel depends on the designs 
of the castings. Hence, it is obvious that the weight 
of a casting, or in other words, the amount of steel in 
it, is not the governing factor in its total cost per pound. 
Even in the case of castings having the same weight but ~ 
having different designs, the cost of steel alone may be 
different for each, due to the differences in their yields, 
meaning the percentages of the total amount of steel 
melted and poured into them that are represented by 
the amount of steel in the finished castings. The yield 
of good castings in percentage of the metal melted may 
vary from 30 per cent to 80 per cent, depending on de- 
sign. Some castings require a much larger amount of 
steel in the form of heads or risers to feed them while 
in the liquid state than do other castings. These risers 
are later removed from the castings and become scrap 
steel. 

The cost of labor and the indirect expense or overhead 
are more important factors in making steel castings than 
is the cost of the steel, and these elements of cost are not 
the same for all castings. They vary with the designs 
of the castings as well as with their weights. However, 
the latter are not so essential as the former, because the 
total cost per pound is not necessarily the same for cast- 
ings having the same weights. A casting whose weight 
is 100 pounds may cost two or three times as much to 
make as another casting whose weight is the same, due 
to the difference in their designs which necessitate the 
expenditure of different amounts of labor and indirect 
expense in making them. ; 

A significant item of expense, included in the main 
elements of cost mentioned previously, is that of defec- 
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tive castings, which includes those serapped in the 
foundry and those found defective at the consumers’ 
plants. The amount of expense attributed to this item 
is variable with the nature of the castings, although the 
total average amount of castings scrapped in the foundry 
may be from 5 to 15 per cent of all the castings produced. 
These approximate figures indicate the extent of the un- 
certainties and hazards which the steel foundryman must 
face, and which are often the cause of financial stress. 

A general idea of the cost of making steel castings 
might be gained if a steel foundry is considered as a con- 
cern manufacturing different kinds of articles, each of 
which has a separate and distinct cost of production. If 
it is considered in this light, there would be no occasion 
for being confronted with the now common question, 
‘“What is the price of steel castings?’’? The price of this 
product necessarily is variable and depends on design. 
Glassware, rubber goods, furniture, ete., cannot be sold 
at a flat price per pound of glass, rubber, and wood, be- 
cause each article of glassware, each article of rubber 
goods, and each article of furniture has its individual 
cost of manufacture, even though made of the same 
material. Similarly, each article (meaning each design) 
made of cast steel in the foundry has its cost of produc- 
tion, and the price for which it is sold must be greater 
than its cost if a loss is to be prevented. 

Some producers and consumers of cast steel products 
consider them in terms of tonnage in the same way as 
steel ingots, rails, etc.; that is, a group of steel castings 
of miscellaneous designs is looked upon as a certain 
number of tons of steel. The fallacy of this is apparent 
when we stop to analyze the making of steel castings, and 
find that they are manufactured articles requiring the 
expenditure of a large amount of labor, and that the 
cost of the steel in them is generally small compared with 
the cost of the labor performed on them. If the making 
of steel castings required little else than making steel in 
a furnace of some kind, it would be-correct to consider 


STEEL CASTINGS—CORBETT 177 


them in terms of tonnage. Since the labor expended in 
making them is usually the main item of cost, it is proper 
to think of steel castings as being products of labor in- 
stead of tons poured from a steel-making furnace. 


Use or Srert Castincs 


The art of making steel castings has advanced rapidly. 
Years ago, many consumers encountered difficulties in 
obtaining satisfactory steel castings, and defects dis- 
covered in machine shops caused extra expense and 
delay in manufacture. These conditions led in some 
cases to the use of materials other than cast steel, and a 
greater cost in machining and assembling certain parts 
made of rolled or forged steel. This was expensive to con- 
sumers, due to the vast amount of labor expended in 
machining and assembling separate parts that could 
have been cast integrally. Due to the progress made 
in the manufacture of steel castings, much machine work 
on built-up parts to make them suitable for assembly can 
be reduced or eliminated by using steel castings that are - 
in many cases of complex designs. Parts redesigned for 
east steel can frequently be made lighter in weight with- 
out sacrificing strength, due to the ability to make cored 
recesses or pockets of various shapes in the castings. 

Economy can be effected in some places by redesign- 
ing parts previously made of gray iron or malleable iron, 
in order that they can be made of cast steel, thereby 
securing greater strength with the added advantage of 
decreased weight. 

The modern engineer should make his selection of 
forged steel, cast steel, malleable iron, or gray iron for. 
any part to be designed in the light of some general in- 
formation regarding the progress made and the present 
state of the art in the manufacture of these materials. 
Each has its useful field of application. It is not sound 
on metallurgical or engineering grounds to advocate the 
use of one of these kinds of materials for another if the 
selection does not mean economy to the user after ex- 
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tended service. All factors, including appearance, 
weight, machine cost, strength, ductility, and expense of 
maintenance and replacement, should be carefully con- 
sidered. It is not always easy to hastily form a sound 
conclusion regarding some of these elements of final cost. 
In the case of forgings, the expense attached to the 
manufacture of and investment in dies must be taken 
into consideration quite as fully as the expense of ma- 
chining a forged part of simple or intricate design. 
Frank consultation and hearty cooperation between 
engineers and steel founders regarding all of these con- 
ditions should aid in the selection of cast steel only where 
it can be economically used, because the progressive 
manufacturer of steel castings is sufficiently far-sighted 
to apply his technical and merchandising efforts only in 
those fields where the use of cast steel is an economy. 


CooPERATIVE RESEARCH 


An interesting development in the steel casting in- 
dustry in recent years is the formation of the Electric 
Steel Founders’ Research Group, which consists of five 
separate companies making small steel castings. Hach 
of those companies is distinctly separate from the others 
so far as ownership is concerned. They organized for 
cooperation in their industrial efforts, and have pooled 
their talents to improve the quality of their product, and 
to eliminate unnecessary expenditure. 

The formation of this group of companies to conduct 
cooperative research work was radically different from 
anything that had ever been attempted before in the in- 
dustry. When the Electric Steel Founders’ Research 
Group was formed in 1920, each member company un- 
reservedly pledged its organization to cooperative re- 
search, freely offered to all the members the results of 
independent investigations, and agreed that there should 
be no hesitation in exchanging data. Obviously, these 
basic requirements implied confidence, unselfishness, al- 
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truism, and broad vision on the part of the executives of 
the companies. 

The research investigations of the group are conducted 
at the different plants in accordance with mutual ar- 
rangements concerning the specific studies to be made 
at these plants. A central laboratory is not maintained, 
as it is found more expedient to carry on the researches 
at the plants where practical conditions obtain. 

The direct results of the cooperative efforts of this 
research group, as well as those to be obtained by all 
well-planned research work in any company or industry, 
may be summarized as the following: 


1. Improvement of present products and processes, 
and development of new products and processes. 


2. Development of new uses for known products. 


3. Standardization of quality of products, manufac- 
turing operations and methods of analysis and control. 

4. Elimination of waste and, therefore, reduction of 
costs. 


The educative effect of successful cooperation upon 
the participants in developing careful management, a 
better knowledge of business principles, and a better 
product, is one of the chief advantages of the coopera- 
tive system. The success of the cooperative effort has 
two points of major interest to industry in general. First, 
it affords a specific example of the benefits gained from 
the exchange of practical information among cow- 
petitors. It shows how the development of an industry 
or of a certain side of an industry will benefit each in- | 
dividual firm. Second, it shows how an important pro- 
duct is being improved, both as to quality and as to 
economical methods of production. These efforts can- 
not fail to broaden the viewpoints of the individual com- 
panies, and give them a better understanding of the 
problems in the industry. 
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SupepLy anp DEMAND 
The steel casting industry, like many others, has a 
producing capacity considerably in excess of the demand 
for its product, as will be seen by referring to Table II. 


TABLE II—ORDERS FOR STEEL CASTINGS IN PERCENTAGE 
OF PRODUCING CAPACITY 


Miscellaneous Railway 
Year Castings Specialty Castings 
LOL iouds casero cuetoa eaters TB97 2. oreo eae necerete 66.3 
TOUG og were oe geinetecs OOST) . Ria tad re eer 122.8 
TAY ie, pret star ices ce hoy c S6.%0 0 howe eee ee ere 67.7 
dO Sices carta ceetenee tee ee LOO3©) — Pi gee ees ee ee 106.0 
Ere erenrak Sere lease AGB 6 wscoes rac eee 25.4 
TOA0 Selec sceneas sateen ee LV OR anes PUR e aos ym er 69.2 
WO whine nner seetee eee 24.6 p Sate Sets Ag aco ts ee 
UA ls eR Ene Fea rings Ae Sy Oh! pay Pe 86.9 
BES ere ee eee ee TORS en er i eae ee 77.0 
LOBES esate 5 a kere eee D0. oe Pon eee 75.3 


The figures in this table were compiled and distributed 
by the U. 8. Department of Commerce which issues 
a bulletin showing the orders for steel castings booked 
each month. The significant feature of the data in the 
table is that in only one year in the last decade were 
the orders for miscellaneous steel castings equal in 
amount to the capacity of the foundries making this class 
of work. This was during the war in 1918, when there 
was an excessive demand for all kinds of manufactured 
products. Since the period of war-time inflation, the 
demand for steel castings has fallen far short of the 
steel foundry capacity in the United States. Even dur- 
ing the period of brisk business in 1923, it was only 
about 73 per cent of the capacity of that branch of the 
industry making miscellaneous castings. The statistics 
clearly indicate that the possibilities for the profitable 
employment of additional fixed capital to be invested in 
new foundries are problematic and hazardous as long as 
the producing capacity of the industry is so much in 
excess of the demand for its product. 

The making of steel castings may appear to be reason- 
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ably free from complications, to those inexperienced in 
the business. It actually requires a high degree of skill, 
and involves many phases of engineering. A_ steel 
foundry, like any other business, is successful only when 
it is able to meet all its obligations as they mature, and 
to pay a reasonable return on sales and capital em- 
ployed, with something more to provide for growth, 
replacements, improvements, and business depressions. 
To accomplish these things, an experienced and capable 
personnel is necessary, and the product must be sold with 
a knowledge of its manufacturing cost. 

Some foundries have started in business with the il- 
lusion that an electric furnace alone would be the means 
for making high-grade steel castings at a profit. To 
make good electric furnace steel requires more than a 
furnace, a pile of cheap scrap, and a man to pull switches. 
Carefully selected steel scrap must be obtained, and the 
steel making operations must be controlled by an ex- 
perienced metallurgist if satisfactory results are to be 
obtained. Even when the owners of electric furnaces 
have spent considerable time in learning how to’make 
good steel, they have only solved one of the problems in 
making satisfactory steel castings. There are many 
phases of foundry practice, apart from melting, each of 
which has an important influence on the quality of the 
castings and on the cost of the product. The control of 
every factor involved in making high-grade steel castings 
presents a task that calls for experience, technical know- 
ledge, ingenuity, and business judgment, all of the 
highest degree. 

This has been a very brief résumé of that branch of 
the steel casting business devoted to the manufacture of 
~ miscellaneous castings. The author has not attempted 
to go into the many details related to the industry. He 
hopes the effort to present a bird’s-eye view may be help- 
ful in the contribution of information regarding steel 
casting manufacture to some whose activities have been 
along other lines. 
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Tue Cuarrman (Mr. EH. A. S. Clarke): Mr. Corbett’s 
paper will be discussed by Mr. F. A. Lorenz, Jr., Assist- 
ant Fourth Vice-President, American Steel Foundries 
Co., Chicago, Ill. 

Mr. Lorenz: Mr. Chairman, gentlemen: Listening to 
the discussion by the billet men it seemed to me that their 
industry is affected with some of the ills that affect the 
steel foundry; that the customer is getting more exacting 
all the time and putting his specifications on a stricter 
basis, and the load is being borne by the steel casting 
manufacturer. 


Discussion By F. A. Lorenz, Jr. 


Assistant Fourth Vice-President, American Steel Foundries, Chicago, Ill. 


Mr. Corbett’s paper brings up so many avenues for 
discussion, it is quite a task to confine remarks to brief 
references to the salient features of the miscellaneous 
steel foundry which are brought out in his excellent 
paper. 

To persons who are not familiar with the varied prob- 
lems daily presented to the miscellaneous steel foundries 
or perhaps to those who are associated with steel com- 
panies turning out-large tonnages of one class of work, 
the intricacies presented by the problems in the ever 
changing daily production are amazing. This is due to 
the varying class of work and individual patterns. In a 
large miscellaneous steel foundry it is not uncommon to 
have over 50,000 individual patterns in the plant with all 
of their various core boxes and loose pieces, which are 
required for the job. At the present time in our plants 
we recognize 39 separate classes. One pattern recently 
brought to my attention had a total of 65 different core 
boxes and loose pieces. 

The division of the work into the two main classes in- 
dicated by Mr. Corbett seems logical. In general we at- 
tempt to classify our work as to metal thicknesses or lim- 
iting weights. However, this dividing line does not 
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always hold, due to conditions over which we have no con- 
trol. As a matter of fact it is sometimes necessary for 
the miscellaneous steel foundryman to pour castings 
from the same heat having metal thicknesses as low as 
¥,” and then go to another mold whose maximum section 
may be 9” or 10”. 

From an operating standpoint, it would be highly de- 
sirable of course to segregate these classes, but it is often 
impossible to do so, as the miscellaneous steel foundry 
takes its work as it comes and has to plan accordingly. 

Perhaps the most outstanding feature in Mr. Corbett’s 
paper is the statement in regard to steel made in the 
electric furnace. Mr. Corbett should know, after his 
years of research with the Electric Steel Founders Re- 
search Group, whereof he speaks. We have always been 
striving in the open hearth foundries to make better steel. 
Perhaps in our daily routine work we have overlooked 
the fact that we have not advised our customers suffi- 
ciently of our progress in the art, and have not taken 
advantage of a feature of our work which has been very 
successfully handled by the Electric Steel Founders Re- 
search Group. In any manufacturing industry we are 
prone to overlook the fact that even the basic principles 
of our plant operations and processes are not known to 
all of our customers or to all of the people with whom 
we deal. 

An incident which recently occurred brought this situ- 
ation home very forcibly. A mechanical engineer of one 
of the large Western railroads came to our plant to dis- 
cuss the best way of making a pattern for a very intricate 
combination casting, 1.e., he wished to know how we 
would like to have the pattern constructed which involved 
the combining of several castings into one, thus making 
it possible for the railroad to do away with a great many 
machine operations. After the details in regard to the 
pattern had been discussed, he said they had been having 
trouble with a certain class of castings on their railroad 
and it had been suggested by some of their mechanical 
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force that the castings should be made from electric steel. 
The castings under consideration were not light section 
castings. Sections up to 3” in thickness were involved 
with a minimum section of 34”. The question was nat- 
urally asked, ‘‘Why do you wish to make them of electric 
steel?’? The answer came back, ‘‘Because we feel that 
electric steel is better than open-hearth steel.’’ He said 
he did not know very much about open-hearth steel or 
electric steel, but they had based their judgment on the 
bulletins which had been sent them from the electric steel 
group. The bulletins which they issue are very good 
indeed, and show the progress the electric steel group 
have been making in their research work. They are noth- 
ing unusual to the average steel foundryman, yet in this 
instance the education of a mechanical man in regard to 
steel castings was from the electric steel group, and his 
natural inference was that all the things coritained in 
these bulletins were new developments. Such is not a 
fact, for all of the topics which were new to this man have 
been every-day practice in the best miscellaneous steel 
foundries and are constantly followed by the most pro- 
gressive open-hearth foundries. It is a matter of daily 
routine to them, and when it was explained to this 
engineer that such was the fact, records were brought to 
him and shown how the factors were controlled, he said, 
‘Why this isn’t anything new at all then, is it?’’ 
Progressive steel casting firms are constantly develop- 
ing better open-hearth methods, better control through 
_ laboratory investigations, heat treating, analysis of ma- 
terial, new molding and cleaning methods and all of the 
other factors which enter into the production of satis- 
factory castings. The tendency of a great many people, 
and engineers in the steel industry as well, is that the 
new thing is always best. This in a measure may account 
for the belief, quoting from Mr. Corbett’s paper that 
‘fall metal made in electric furnaces is better than that 
made in other melting media.’’ At this point it is thought 
that Mr. Corbett might have limited his remarks to the 
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acid electric furnace as ordinarily operated in the elec- 
tric steel casting foundry. Given specific chemical speci- 
fications, we believe the average steel as produced in an 
electric steel furnace for foundry purposes: will show 
very little if any difference from steel properly made in 
the acid open-hearth furnace. As a general thing, the 
bulk of the castings are specified in ordinary low carbon 
steel which ordinarily is of approximately the following 
analysis: carbon, .25 to .30; silicon, .25 to .30; manga- 
nese, .60 to .70; sulphur and phosphorus, below .05. Of — 
course there are castings made in almost any analysis 
specified, but as Mr. Corbett’s paper is limited to the 
miscellaneous steel foundry we believe the discussion as 
to the relative merits of the electric and open-hearth fur- 
naces should be confined within the limits of general mis- 
cellaneous foundry practice. 

It would be natural to draw the inference from Mr. 
Corbett’s statement that the customer is gaining very 
little advantage from ordering castings made in electric 
steel where they could be just as well made in open- 
hearth steel. There are certain classes of light section 
castings which properly fall within the electric steel 
foundry work. These classes are too well known for fur- 
ther discussion here. 

Very few people realize when they see a finished steel 
casting the number of crafts which enter into its making. 
It is variously estimated at our different plants that we 
employ in the neighborhood of 100 different classes of 
workmen and it is our experience that by far the easiest 
part of our work is the molding of the casting as far as 
actual labor is involved. We have very little difficulty 
in getting the castings molded and poured. This can be 
scheduled with the regularity of a railroad time card. 
The difficulties presented in the average steel foundry 
in cleaning the castings are far greater than the molding 
and pouring of a casting, yet each one of these factors 
must have the closest supervision and control. We often 
have customers call up and when we tell them the casting 
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was poured yesterday, they ask why it cannot be shipped 
this afternoon. . 

From a shop proposition this angle of the steel cast- 
ing business presents difficult problems. In the cleaning 
room of a miscellaneous foundry the following equipment 
is usually present in greater or less quantities as the 
class of work which the foundry eaters to demands: 

Drill press 

Shaper 

Lathes 

Chipping hammers 

Hydraulic presses 

Stand grinders 

Swing grinders 

Sand blast houses 

Electric or acetylene welding stations 
Acetylene generators 

Oxygen supply 

Boring mills 

Surface plates and other incidental equipment. 

Furnishing a casting ‘‘in the rough”’ is almost a thing 
of the past, as they are really semi-finished. Take the 
car casting industry for instance. Every car casting 
which leaves the foundries is usually in shape to be ap- 
plied directly to the car at the car builders’ shops, as it 
has been carefully gauged and has been accepted under 
close tolerances laid down by the railroad company with 
the car builder. Only in rare cases are machined sur- 
faces specified on the ordinary run of car castings. In 
some instances drilling is specified in place of cored rivet 
holes. 

It is to be realized that working within narrow limita- 
tions requires careful co-operation between the foundry 
and the customer in the design of patterns, use of proper 
shrinkage allowances, reduction of cores as far as possi- 
ble, use of accurate molding methods and, most of all, 
calls for the most careful supervision all the way along 
the line. Safeguards have been provided as indications 
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of proper sand mixing for both cores and molds, proper 
milling of sand and the handling of it, regulated heat- 
treatment of the castings in accordance with various 
specifications, careful and close inspection for surface 
defects, checking with blue-prints and application of 
gauges. 

Much work has been done by the railroads towards 
casting design and the adoption of standard specifica- 
tions for car and locomotive castings, but we are yet 
contronted by many divergencies of opinion of individual 
engineers in regard to chemical and physical specifica- 
tions, test bar requirements and other features which are 
not in conformity with the present A.S.T.M. standard 
specifications. 

The railroads in particular are beginning to take ad- 
vantage of the great savings which can be made by using 
steel castings in place of fabricated shapes, and the gen- 
eral trend of design is towards combining many castings, 
forgings, bolts, etc., into one casting. This not only re- 
duces the dead weight of the locomotive but reduces the 
cost of machining. This is the customers’ side of it. On 
the other hand, the efforts along this line have produced 
casting problems out of the ordinary, yet so far we have 
been able to cope with them. This feature of combina- 
tion castings leads me to make a remark in regard to the 
idea suggested in Mr. Corbett’s paper relative to buyers 
getting the idea that castings can be produced on a fixed 
price basis per pound or per ton. Combination castings 
present an entirely different cost structure from the com- 
bined cost of the several castings which previously 
formed it, and even though the casting may weigh less 
than the aggregate of the separate castings which were 
formerly used, on account of the intricate molding and 
coring problems involved in producing the several cast- 
ings as one, the foundry labor cost is greatly increased. 
While the foundries as a whole have not been able to get 
away from the schedule of prices based on quantities 
and weights, still we feel that every job in a miscellane- 
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ous steel foundry should stand on its own merits, and per- 
haps some day we can convince the buyers that this is 
the proper way to sell steel castings. 

Very little has been said in my remarks or in Mr. Cor- 
bett’s paper in regard to the progress in the miscellane- 
ous steel foundry from the engineering standpoint. Vari- 
ous ingenious schemes of production are being installed. 
sand handling machinery and other labor saving devices 
are all having their effect in making the trend of the 
miscellaneous steel casting foundry towards larger pro- 
duction per man, more uniformity in the casting and 
lower cost. 

The one impression, more than any other, which Mr. 
Corbett’s paper should leave with you is that the miscel- 
laneous steel casting foundries are alert and are ever 
watchful for improved methods towards the production 
of better castings at lower cost. 


Tue Cuamman (Mr. E. A. S. Clarke): Gentlemen, 
that concludes the afternoon session, unless some one 
cares to offer further remarks in discussion. 

I will remind you that we are to assemble for the 
banquet this evening at seven o’clock in the Grand Ball- 
room. 


BALLROOM OF 


IN THE GRAND 


1925 


1 
vi 


L INSTITUTE 


y 
vy) 


IRON AND STEEF 


THE C 


? AMERICAN 


OF THE 


oR 


DINNI 


, MAY 22 


7 
wy 


OMMODORE 


1 
J 


KHVENING SESSION 


The evening session of the Institute was held in the 
Grand Ball-room of the Commodore. After dinner 
President Gary called the meeting to order. 

Jupce Gary: Ladies and gentlemen: In behalf of the 
directors of the American Iron and Steel Institute I wel- 
come all of you here tonight. These banquets have be- 
come famous, first of all because even though this largest 
banquet hall is crowded there is always perfect order. 

To the ladies I have the honor of presenting as fine a 
lot of men as you ever saw in your lives (laughter and 
applause). 

To the gentlemen I felicitate myself on the privilege 
of presenting as handsome a body of ladies as you ever 
saw (applause). 

To the members of the Iron and Steel Institute, I con- 
gratulate you on being members of one of the greatest 
industrial organizations that has ever existed. These 
occasions are an inspiration. We have reason to be 
proud because of the success that has been achieved by 
this Institute. We de not boast, but we take pleasure 
in saying we believe the motives, the purposes and the 
results of this Institute are of real, substantial benefit 
to the people, and in all places where our work is known. 

The things that have been done by this Institute and 
the things which they seek to accomplish have excited 
the wonder and the admiration of the entire iron and 
steel industry of the world, and they have demonstrated 
that what they do and what they intend will never have 
an influence anywhere except for good. 

What you have done and the disposition you have 
shown toward your directors and officers makes life 
worth living, and what you have done for yourselves 
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must add to your happiness and must be reason for pride 
and content. 

It is not the right nor the purpose of the Chairman 
at this time to make a speech if he were able to do so. 
You will be entertained during the evening by other 
speakers who will be introduced in turn. 

At the morning session there were something like ten 
or twelve hundred members of the Institute present. An 
adjacent room to this, a large hall, was packed, and 
during the exercises of the day there were presented 
papers by distinguished men selected by the committee, 
composed of Mr. Farrell, Chairman, and others, which 
showed a great amount of labor and research, and will 
be recorded in our annual book where they will exert a 
lasting influence on our industry. We are thankful to 
those men and we are proud of them; and I shall ask the 
secretary to call their names one after another and shall, 
at the same time, request them, as their names may be 
called, to rise so that those who are here this evening and 
were not present this morning may have the privilege of 
looking into their faces. 

Mr. Crarke: Paper on Blooming Mill and Blooming 
Mill Practice by Mr. W. H. Bailey, of the Illinois Steel 
Company, Chicago. 

(Mr. Bailey arose. Applause.) 

Mr. Crarke: Paper on Steel Construction by Mr, Lee 
H. Miller, Chief Engineer, American Institute of Steel 
Construction, New York. 

(Mr. Miller arose. Applause.) 

Mr. pis a Water-cooled Boiler Furnace Walls by 
Mr. H. D. Savage, vice-president, Combustion Hngineer- 
ing Conteenbian New York. Is Mr. Savage present? 

Jupan Gary: I do not think Mr. Savage is present. 
He is not very well this evening. 

Mr. CuarKe: Classification of Carbon Steel Billets by 
Mr. Charles O. Hadly, general manager of sales, Alan 
Wood Iron & Steel Company, Philadelphia... 

(Mr. Hadly arose. Applause.) 
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Mr. Ciarke: Industrial Progress in China by Dr. 
C. T. Wang, former Acting Premier and Minister of 
Foreign Affairs, Republic of China. Dr. Wang was not 
present in this country and his paper was read by Mr. 
Theodore Tu. (Applause.) 

Paper on Steel Castings by Mr. W. J. Corbett, as- 
sistant director, Electric Steel Founders’ Research 
Group, Chicago. 

(Mr. Corbett arose. Applause.) 

Jupck Gary: At my right sits a very distinguished 
man, who honors us by his presence on this occasion and 
who represents a country which is one of our very best 
friends and associates in assisting to carry on world af- 
fairs (applause). 

The Right Honorable Sir Esme William Howard, 
when a young man, in 1885, entered the Diplomatic 
Service of his country and, from that time, he has held 
important positions in Italy, Germany, Switzerland, 
Sweden, Spain and other'countries. His attainments on 
behalf of Great Britain have been repeatedly recognized 
by honors and titles conferred upon him in great number, 
as a soldier in the Boer War he was awarded medals and 
decorations. He has held high office in the British Cabi- 
net, serving at one time as Assistant to the Secretary 
of State for Foreign Affairs. He was a member of the 
British Delegation to the Paris Peace Conference in 1919, 
and has been a member of other important commissions. 
. Since 1924 he has represented his country as Ambassador 

to the United States. 

I have the honor to introduce Sir Esme William How- 
ard (applause). 

Str Esme Writram Howarp: Mr. Chairman, ladies and 
gentlemen: 

I wish to thank you very much for the warm way in 
which you have welcomed me here tonight. I know that 
this welcome is not personal, but it is intended for my 
country and for that reason I appreciate it all the more 

Before going any further I must disclaim some of the 
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honors which your Chairman has so liberally lavished 
upon me. He said, among other things, that I had been 
an officer in the South African War. I am sorry to say 
that I never even attained corporal’s rank. He also said 
that I have been Secretary of State for Foreign Affairs. 
Well, gentlemen, I am afraid that my ambition would 
never have risen to that. All that I can say is that I 
was assistant private secretary to the Secretary of State 
for Foreign Affairs. Your Chairman has been too kind. 

I must ask your indulgence tonight. I have spent two 
nights out of three in the train and I found a great deal 
of work to do in Washington when I came back, and I 
have not really had the time to make proper notes for 
my speech, and therefore, ladies and gentlemen, I hope 
that you will forgive me tonight if I read it to you in- 
stead of speaking it, as I know I ought before such an 
important assembly. (Reading) 

It is a great honor to be invited here as the guest of 
the American Iron and Steel Institute and to have the 
privilege of addressing this distinguished company as- 
sembled from all parts of the country. But like all 
honors or privileges—if we except the ancient British 
Order of the Garter which Disraeli said he particularly 
admired because there was no damned merit attaching to 
it—it entails some responsibility. I realize that it is 
no easy matter for me to speak up to such a keen audi- 
ence as that assembled here tonight—but in any case I 
can but do my best and the rest must take care of itself. 

Following Mr. Ambassador Houghton in London, like 
whom I am not enamored of the obvious, I propose to 
drop the ‘‘hands across the sea’’ and the ‘‘blood is 
thicker than water’’ phrases and take all that for 
granted. But.then looking about for a substitute it 
struck me that, building on these sentiments as an ac- 
cepted fact, I might take as my text ‘‘goods across the — 
water’’ as a useful text, since phrases we must have. 

Now, gentlemen, the United States, like all modern 
States, for years has aequired much of her prosperity 


fs “ 
ay 2 


a ; 


1 i\ \ ; | 
ipa | Bret ae | | ee 
| | | iN, 
. Py | : . 
A A ey. aT \\ ; v ot | 
we oe \ ‘ vA \\ ah \' Rnd : 
| "i “\ ; | 
f ve. : ‘ a AN \, | :. 
¥i 4 
2 a f J ‘ti \ \ (4 
¢ 4 4. 


(s] 


GZ6L ‘22 AVW ‘AMOCOWWOO WHE 


1O WOOUTIVE GNVYY AHL NI ALOLILSNI THHLS GNV NOU NVOIYHNVY AHL HO YANNIG 


AFTER DINNER ADDRESSES—HOWARD 193 


by “‘goods across the water,’’ and quite frankly Great 
Britain has of course lived on them for several genera- 
tions. We must all start out by admitting that in busi- 
ness—unlike Salvation as described in Kipling’s famous 
poem ‘‘Tomlinson’’—‘‘The race must be run by two and 
two and never by one and one.’’ It takes two to do 
business as it takes two to make a quarrel—and if the 
business is to be continuous and not expire, it is necessary 
that both parties should find it profitable. A party that 
wants to do all the selling and no buying will end by 
doing no selling at all because his buyers will be, like the 
poor oysters in the ‘‘Walrus and the Carpenter,’’ all 
gone. The seller, like the Carpenter, will one day make 
a beautiful speech and wake up to find himself speaking 
to thin air because ‘‘oysters there were none.”’ 

It would seem therefore good policy for any country 
to try and keep the balance even, so far as possible, and 
encourage selling to itself where it can buy cheaply and 
well, in order that the sellers may in their turn buy from 
it that which they need and can afford to buy. That 
seems axiomatic. If you drive your customers out of 
the market by one means or another, you will end by 
having no customers at all and it will be the worse for 
you. That is, I suppose, what the old economists meant 
when they said that there was no such thing as a favor- 
able or unfavorable balance of trade. Give and take is 
as necessary in trade as it is in diplomacy or in mar- 
riage or in any other human activity in which the ‘‘ Race 
cannot be run by one-and one but always by two and 
two.”’ 

Now, looking at this question of goods across the 
sea, that is considering our Anglo-American relations 
from the point of view of what the Germans used to call 
‘real politik’’ as opposed to sentimental policy, we find 
in the first place as might be expected that the United 
States and the British Empire are today each others’ 
best customers, though the United States has the advan- 
tage in the visible trade balance. I hate statistics in an 
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after-dinner speech, but one has, alas, sometimes to stoop 
to them. United States exports to the British Empire 
represented in 1923 nearly 44% of the whole exports, of 
which nearly one-half went to the United Kingdom and 
it was only with the British Empire that the United 
States had a favorable trade balance of visible exports. 
It was indeed the great excess of United States exports 
to the British Empire that weighed the total balance so 
largely in favor of America. The United States exports 
to the United Kingdom in 1924 were as always made up 
mostly of raw materials, such as cotton, tobacco, mineral 
oils and wheat, all of which went presumably to help the 
inhabitants of the United Kingdom to manufacture goods 
for export to the United States again and to other coun- 
tries. The total exports from the United States to the 
United Kingdom in 1924 (forgive the figures once more) 
represented a sum of over 882 million dollars, while the 
imports into United States from the United King- 
dom amounted to only 404 million dollars, or less than 
half that sum. How is the balance paid for? That is” 
the crux. Before the war the balance used to be paid 
for by our ‘‘invisible exports’’—interest on capital 
loaned, freight rates for shipping, ete., and no doubt 
also by profits made in trade with other countries. But 
today these invisible exports have shrunk and our for- 
eign markets also have shrunk—in some cases as in 
Russia and Central Europe shrunk almost to nothing— 
and we have to keep unemployed British subjects alive to 
the number of a million and a quarter, according to of- 
ficial statistics, and to over two million according to 
unofficial I have recently seen, not because they don’t 
want to work, as some people imagine, but because 
if they did work we could not sell the goods they pro- 
duced. Wherever we look the horizon is lowering. 

Our coal trade is very seriously depressed and num- 
bers of small mines have been shut down. 

The shipbuilding industry is passing through a serious 
erisis owing to the absence of new orders. 
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Conditions in the iron and steel industry are—es- 
pecially as regards heavy iron and steel—very depressed 
and very discouraging. Out of a total of 102 blast fur- 
naces in Scotland of which 85 are normally in operation, 
only 21 are working at the present time. 

After a slight improvement in cotton goods, the de- 
mand for these also has begun to fall off. Conferences 
are being held to find means to reduce the cost of pro- 
duction but it is not yet clear whether anything really 
promising can be done. 

Woolen textiles are not in a much better case. 

There are some rather brighter spots as in the boot 
and shoe, automobile, coachbuilders, building trades and 
one or two others I could mention. But on the whole 
the outlook is certainly depressing and we cannot yet see 
from what side help will come. In any ease it will come 
slowly. Emigration, which is about half what it was 
before the war, may partially help to solve the problem 
of an over-crowded population suffering from lack of 
markets in which to sell its products, but only partially. 
The main and greatest factor on which we have to rely 
is the re-establishment of permanent peace in Kurope and 
the increase of purchasing power in foreign markets. 
Now, if Great Britain cannot sell her products abroad, 
she cannot, of course, continue to buy raw materials and 
manufactured goods in the United States in the same 
heavy quantities as has been her custom. It is, I am 
sure, fully realized that Great Britain could scarcely 
carry on an unfavorable trade balance with the United 
States for ever and yet pay the thirty-two odd million 
pounds per annum required to meet her indebtedness to 
the United States Government. 

We intend to meet our just debts, but there may come 
a time when, unless the world situation changes for the 
better, unless we can return to something like pre-war 
conditions of credit and trade, it would be impossible 
both to make heavy purchases of raw materials from the 
United States and to pay the interest on our debt. It 
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does not require a high-class mathematician to see that. 
The purchases would obviously have to be cut down. 

But this is only a small issue in comparison with the 
great world issues involved in the general settlement of 
world questions by which alone we can hope to achieve 
a return to that state of normality which President Hard- 
ing rightly declared was the object we should all aim 
at. 

We in Great Britain need a return to real peace in 
the world perhaps more than any other Nation and I can- 
not repeat too often that our interests in this matter are 
so clear, so obvious that they can no longer be the object 
of the slightest doubt except perhaps to those who, as 
Mrs. Gamp said, have to look through a brick to see 
what’s writ on the wall beyond. For this reason British 
policy at least—whatever Government is in power— 
should be as regards its search for peace above suspicion. 
But I am not speaking now only for the United Kingdom 
nor for the British Empire but for the world at large 
in declaring that as I see things, unless we can shortly 
restore a firm basis of confidence and credit throughout 
Kurope and a return to the natural flow of trade, unless 
we can work on the principle of goods across the sea, we 
are heading for a worse cataclysm than that produced 
by the actual state of war. We must not consider our 
own particular selfish interests as individuals in all this 
complex business but learn to understand that our pros- 
perity depends not on making others less prosperous, but 
more prosperous. If people would only begin to think 
in terms of real economics instead of polities there would 
soon be an end of suspicion and fear and desire for re- 
venge because it would be understood that the ruin of 
one’s neighbor inevitably harms oneself. Thus, strangely 
enough, it seems that the Christian doctrine of the 
Golden Rule is, when you come down to it, the only true 
‘‘real politik’’ in the philosophy of life and that it is 
an unquestionable truth that he who seeks to save his life 
by purely selfish means must end by losing it. 


AFTER DINNER ADDRESSES—HOWARD 197 


Now, gentlemen, you will perhaps ask how all this 
tirade is to apply to you and, above all, to apply to 
America? Please do not go away with the idea that I 
think you ought to interfere as a State directly with 
European concerns. You are right when you say, as 
Mr. Hughes said the other day, that HKurope must work 
out her own salvation. No—all I ask is that there should 
be in this country a sympathetic understanding towards 
those who are endeavoring to bring together the jarring 
and conflicting elements in Europe and endeavoring to 
see if they cannot work together, for economic if not 
for any higher reasons, for the good of all. If they can 
do that it will be greatly to the interest of this country 
and will promote prosperity in this country, for we are 
all more or less interconnected and related. If they 
cannot, the result will not be so fatal to this country as 
to others, but it will be, to say the least of it, unpleasant. 

As Mr. Houghton said well in his speech the other 
night to the Pilgrims in London, ‘‘Peace is an adventure 
in faith,’’? to which I would add that it is also an, adven- 
ture in hope and charity and the greatest of these is 
charity. 

I am only a very humble diplomatist and no political 
megaphone, but I cannot help hoping that little by little 
the very driving power of economic destiny-—the in- 
evitable force of economic circumstances—will oblige the 
countries of Kurope to realize the fact that in that ad- 
venture in faith, hope and charity which we call inter- 
national peace lies in the end the one prospect of safety, 
for the weak as for the strong, for the poor as for the 
rich and, further, that this country which is so power- 
ful for good will use the great influence it possesses not 
in a captious or critical spirit but in a sincere and sympa- 
thetic desire to help, to promote that good will among 
men by which alone we can expect to regenerate this 
stricken world. That was, as I read it, the note struck 
by Ambassador Houghton in his speech in London, to 
which I have already referred; that has been the note 
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struck over and over again by your President and by 
many eminent Americans of all shades of opinion. 

We have with your help—official or unofficial it matters 
little—already achieved much. The settlement of the 
reparations question by the Dawes Plan was a great step 
forward. The return of Great Britain and other coun- 
tries to the gold standard is another great step forward 
towards the re-establishment of confidence and credit. 
But we have come, I now verily believe, to the real part- 
ing of the ways. Everything now depends on whether 
we can establish a sense of security in Europe in the 
future. If by means of the Five Power Pact between 
France, Great Britain, Italy, Germany and Belgium, now 
under discussion, we can secure peace for a generation, 
I believe there is good hope that we may secure peace in 
Kurope for all time. I have lived too much in France 
not to love and admire the great qualities of her people 
both in peace and war and not to feel a thrill of joy when 
I think of her beautiful buildings and cities. Italy, which 
has produced perhaps more men of genius than any other 
country in the world, is also my wife’s country and half 
of my heart is there. Germany, I have known from my 
youth and I look back to those pre-war days with recol- 
lections of pleasant and friendly companionships and 
with admiration for so much which Germany has con- 
tributed for the advancement of progress and science. 
Belgium, the heroic, which preferred to lose the whole 
world and to save her own soul. The interesting Scandi- 
navian countries— Poland, tragic, brilliant and versatile, 
arisen once more like a phenix from her own ashes. 
Spain, my latest love, full of ancient glories and at the 
same time of the most human humor—the home of Don 
Quixote and Sancho Panza. Switzerland, the cradle of 
political liberty, an example in Government for all of 
us. Fair Greece and Portugal—I could mention still 
more but I fear to weary you. For all these I cannot 
but feel, in spite even of estrangement caused in some 
cases by the war, sentiments of gratitude and affection 
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for the friendliness I have met in each and all in the 
course of a long life of wandering—yet all this has not 
made me one whit less of an Englishman, and my heart 
is still as much among the fells and dales of my native 
Cumberland as it was when I was a boy. 

Nevertheless I do feel—and I hope you will excuse 
this personal note—that any further destruction of these 
other beautiful countries which I also love will be such 
an irreparable loss to mankind that it is the duty of us all 
to leave no stone unturned, whether in our own selfish 
interests or in those of humanity at large, to work by 
hook or by crook, with might and with main, for that 
great adventure in faith, hope and charity which is called 
Peace. 

Jupce Gary: Sir Esme is all right. 

The distinguished gentleman at my left I know was an 
officer. (Laughter.) I do not have to rely upon the books 
for that. I know he was a great soldier. I have been to 
many of the places where he fought, and I have heard 
from the men who were with him how he fought. 

Major General Charles P. Summerall was graduated 
from West Point in 1892. Before the World War he had 
a varied career, taking part in the railroad troubles in 
California in the early ’90s, then in the Boxer Rebellion 
in China. 

During the World War he was selected by General 
Pershing to command the Fifth Army Corps, which com- 
prised a group of divisions covering the most important 
front of the American Army at that particular time. 

He has repeatedly received high honors from our Gov- 
ernment, including the Distinguished Service Medal in 
1919, and a Distinguished Service Cross in 1922. The 
citations on these two occasions, respectively, said: 


(With the award of the Distinguished Service Medal) 


‘‘Bor exceptionally meritorious and distinguished services. 
He commanded in turn a brigade of the First Division in the 
operations near Montdidier, the First Division during the 
Soissons and St. Mihiel offensives and in the early battles of the 
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Argonne-Meuse advance, and the Fifth Army Corps in the 
later battles of this advance. In all of these important duties 
his calm courage, his clear judgment, and his soldierly character 
had a marked influence in the attainment of the successes of 
his commands.’’ 


(With the award of the Distinguished Service Cross) 


‘‘For extraordinary heroism in action on July 19th, 1918, 
before Berzy-le-See near Soissons, during the Aisne-Marne 
offensive. General Summerall, commanding the 1st Division, 
visited, with great gallantry and with utter disregard for his 
own safety, the extreme front lines of his division and personally 
made a reconnaissance of the position in the face of heavy 
hostile machine-gun and artillery fire, exhorting his men to 
renew the attack on Berzy-le-Sec, promising them a powerful 
artillery support, and so encouraging them by his presence and 
example that they declared their readiness to take the town for 
him. Due to his great courage and utter disregard for his own 
safety the men of his division were inspired to enormous and 
heroic efforts, capturing Berzy-le-See the next morning, under 
terrific enemy fire, and later in the day the division reached all 
its objectives. ’’ 

Remember,I am reading from the Government records. 

General Summerall recently came to New York to take 
command of the Second Corps Area and is stationed at 
Governor’s Island. He is all in all perhaps, by his indi- 
vidual efforts, one of the greatest if not the greatest of 
the fighting soldiers of this country. Now let him deny 
that if he will. 

In addition to being a great soldier, he is a great man. 
He is human through and through, with a soul as big as 
his brain, and a friend that may always be relied upon. 
(Applause. ) 

I take pleasure in introducing to you this distinguished 
gentleman. 

GENERAL SumMERALL: Mr, President, ladies and gen- 
tlemen: 

Judge Gary knows the way to all of our hearts. If he 
had not already won them, he would have done so this 
evening. When he presented the gentlemen to the ladies 
as the finest body of men in America—I heard no pro- 
test; when he presented the ladies as the most beautiful 
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ladies in the land—I heard no objection. In fact, every- 
one agreed with him; and so I shall follow your example 
and make no protest. (Applause.) 

The Judge’s attitude towards us reminds me of the 
young girl who made her first visit to West Point. Her 
chaperone came to her one day and said, ‘‘Mary, I hear 
you are letting all the cadets kiss you,’’? whereupon the 
young girl answered very promptly, ‘‘Why not? It does 
me no harm and it gives them a great deal of pleasure.’’ 
(Laughter. ) 

Indeed my presence here is not because of anything that 
I may have accomplished, and the citations which your 
president has read fill me and have always filled me with 
sentiments of humility rather than of pride. The decora- 
tions and the distinctions which have been so generously 
given to me I feel were given to those brave countrymen 
of yours whom you sent to fight your battles, and that I 
am but their standard bearer and that the honors I bear 
are only held in trust for them, for those who came back 
to resume their places in our national life, for thousands 
who fill our hospitals today and who can never again 
derive from life anything but suffering, and for many 
more thousands who were left on the other side. It fills 
one with a great sense of obligation and of privilege. 

My presence with you tonight is not, therefore, through 
any merit that I may bring, but on account of the men 
who wore your country’s uniform and who still wear it 
as honorably, as patriotically, and as courageously as 
those who offered and gave their lives on the battlefield. 

In the great, masterful industry in which you gentle- 
men are engaged the mind is no doubt filled with the 
great plants, the tremendous machines, the great forces 
that you control. There is nothing perhaps that is 
so awing as to stand in the face of great power. <A 
day or two ago I visited Niagara Falls, and one stands 
‘sulent as that great mass of water passes over the preci- 
pice with power almost incalculable. And a similar feel- 
ing comes over me as [ visit our great industries, as it 
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has been my privilege to do in different parts of the 
country. 

But, gentlemen, there is a greater force among our 
people than power of industry or machines. If those 
gallant soldiers to whom reference was made in these 
citations took their objectives at the cost of many of their 
lives, it was because they were inspired by a lofty senti- 
ment. Whatever we do great in this country is inspired 
by sentiment. We are an idealistic people. We are 
moved by sentiment, and there is no more wonderful 
idealist—there is no man inspired by more loyalty and 
beautiful sentiments in this great land of ours than the 
President of this Institute. (Applause.) 

We cannot make our business successful or our indus- 
tries realize what we desire for them unless we take into 
account this mighty and overwhelming element in the 
nature of our people. 

Yesterday it was my privilege to witness the dedica- 
tion of five busts commemorating eminent men and 
women who had contributed to the greatness of our coun- 
try. I could but feel that every one of them attained a 
greatness through idealism, through the sentiment of 
our people. There was no great captain of industry in 
that group, although our captains of industry are equally 
meritorious. There were the author, the botanist, the 
actress, the soldier, the jurist, all given their places in 
the hearts of our people through emotion or sentiment. 
All of our wars have grown from emotion, from the senti- 
ment of our people. 

Today I had the opportunity of lunching with a group 
of very prominent men who earnestly and conscientiously 
are trying to direct labor. Tonight I find myself in the 
presence of the men who are guiding the greatest indus- 
tries of the country, and I find in all the Same motives, 
the same purposes, to overcome the difficulties of the day. 

This afternoon I read with intense interest the address 
of Judge Gary this morning, and there were two forces, 
two ideas which I believe are transcendent in our coun- 
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try today. I shall take them rather in their reverse order. 
One was that the productivity of our country is equal to 
any demand of our people or of our relationships to the 
rest of the world. Only a few months ago I happened 
to be in Oklahoma and at that meeting of the Chamber 
of Commerce it was announced that the production of 
Oklahoma in the year 1924 was one and one-half billions 
of dollars, and yet Oklahoma does not rank among the 
highest of producing states. And so it is everywhere. 
There is no doubt about the basic supply of our country’s 
wants, for ourselves and for other countries. But the 
great thought that I think Judge Gary gave you gentle- 
men is a psychological thought. He said that we must 
be optimistic, and he is the very apostle in his life of 
optimism. He said there is too much talk of discourage- 
ment—although I do not use his words accurately. Our 
whole people in business, in industry, and in every rela- 
tion of life, are instigated by sentiment. If I may illus- 
trate: As a soldier we put into our men what we get 
out of them. If we cannot inspire them with a desire to 
meet the enemy and overcome him, we cannot hope for 
suecess. There came a very black and discouraging 
period in the war. Ideas that were pernicious spread 
broadcast. You heard many expressions floating far 
across the ocean to the homeland, such expressions took 
the form of ‘‘held by machine gun fire,’’ ‘‘shot to pieces,”’ 
‘“tired,’’ ‘‘want to be relieved,’’ ‘‘our neighbors are not . 
up with us,’’ and similar thoughts. They were not true, 
and yet they paralyzed hundreds of thousands of men. 
The single cry, ‘‘held up by machine gun fire,’’ would 
spread throughout a division and stop an attack. Those 
ideas would have defeated us if we could not have dis- 
pelled them. Orders were given and declaration made 
that troops could not be held up by machine gun fire and 
could not be shot to pieces. One day at an exercise after 
we had implanted the reverse idea, I saw a corporal’s 
squad stopped in its advance, and I said, ‘‘Corporal, what 
are you doing?’’ He said, ‘‘I am overcoming the resist- 
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ance of the enemy’s machine guns,’’ and the battle was 
won. 

As soon as those ideas took effect a spirit of combat 
was paramount and troops inspired by such ideas could 
not be held up. 

We of the Army are not in any way detached from 
what concerns the interests of our people. If our nation 
is to be prosperous its prosperity is reflected in the 
armed forces and in every element of our national life. 
We are deeply concerned in the success of business. We 
are deeply concerned that the depression to which refer- 
ence has been made today should be removed, but, gen- 
tlemen, I wish to assure you as one who knows something 
of the psychology of men, that there is no better way 
than of following the advice of your president, to culti- 
vate optimism, to spread ideas of success, and to find 
means of implanting into the whole psychology of our 
people that we can overcome these resistances in peace 
as well as our men could overcome them in war. 

As I sat here this evening and heard these songs 
breathing the sentiments of our people, many of them 
the songs of the South, dear to my heart from childhood, 
there was given proof of what I have tried to express. 
And as I see these flags floating about this room over 
1,500 of our dominant business men, and hear them joim 
in these patriotic anthems, a thrill and a feeling of thank- 
fulness comes over me that our great business men are 
our greatest patriots, that business and our government 
are one, and that in the pursuit of business there has 
been included devotion to country, loyalty to what our 
government stands for, and I believe generosity towards 
the other peoples to whom such beautiful reference has 
been made by the ambassador. 

I can only thank you for the privilege of being here 
and only hope for the cultivation of friendships during 
my stay in this city, and wherever I may meet you, to im- 
press upon you and my fellow-citizens that the Army is 
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just as much a part of business as business is a part of 
the country and of the Army. (Applause.) 

JupcE Gary: The beautiful and touching reference in 
the very brillant and interesting address of General 
Summerall to leaving some of the soldiers in France 
reminds me of an incident which occurred when Mrs. 
Gary and I were visiting the battlefields of that country. 

As many of you know, at the top of the Argonne, where 
the Americans lost something like one hundred thousand 
men killed within a very short time, and in which General 
Summerall played .a most distinguished and effective 
part, is a cemetery containing the bodies of about 27,000 
men. 

Mrs. Gary and I visited that cemetery and stopped at 
one of the rest houses, so-called, for a short time. We 
were asked to register our names in a book that was kept 
for that purpose. A gentleman leaned over my shoulder 
as I wrote, and he said, ‘‘Is this Mr. Gary of New York?”’ 
I said, ‘‘Yes.’’ He said, ‘‘Is not this a beautiful scene?’’ 
I replied in the affirmative. He said, ‘‘I have been here 
now nearly two weeks.’’ J asked him what he had been 
doing there two weeks. He said, ‘‘I will tell you. Come 
with me.’’ He led me to the door of this rest house, look- — 
ing out upon this cemetery, and he said, ‘‘Do you see that 
main street? Now, you count until you come to the 
ninth,’’ I think it was, ‘‘cross street.’’ ‘‘Yes,’’ I said, 
‘“T locate it.’? He said, ‘‘Look at the first grave there 
on the corner of those two streets.’’ ‘‘Yes,’’ I said. He 
said, ‘‘There lies the body of my only son, Captain So 
and So. He was killed in the Battle of the Argonne.’’ 
Of course I was considerably affected, and, after a little, 
I said, ‘‘ Would you have him back?’’ And he said, ‘‘No, 
no—it was worth it.’’ 

That is evidence of the spirit which the General has 
so eloquently referred to and which actuated our boys in 
France and on the battlefields, and controlled the actions 
of this fine man when he led his soldiers not only here 
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but to other places which I might mention, and which did 
so much to demoralize and almost paralyze the enemy. 

The next speaker I know something about personally. 
He comes from one of the finest cities in the United 
States—you know where that is (laughter): they know. 
It is over here (indicating): Chicago. (Laughter and 
applause.) In that vicinity I was born, and in that vicin- 
ity I expect to leave my bones. 

About five years ago a lad, eleven years old, came to 
my office accompanied by a lady, older than himself 
(laughter), looking after him, and through some of the 
boys in the office requested permission to see me, and I 
admitted him; and then this young man, small for his 
age, modest, bashful, confident however of himself, alive 
to the situation and knowing exactly what he desired, said 
to me, ‘‘I would like to interview you.’’ I said, ‘‘ What 
for?’’ He said, ‘‘For the New York World.’’ Then I 
asked him if he was a reporter; he said he had started 
on his career, ambitious to succeed in that department of 
human activity and aspiring some time to be a lawyer; 
and I said, ‘‘Sit down.’’ 

First, he said, ‘‘I would like to have a photograph of 
yourself and myself.’’ ‘‘What for?’’ ‘‘For my news- 
paper.’’ I said, ‘‘I do not think we can find a photogra- 
pher,’’ but he said, ‘‘I have one in the next room.’’ 
(Laughter.) 

I think perhaps I have told you enough to know what 
manner of boy he was. But I talked considerably with 
him and I gave him some words of encouragement; and 
then after the conversation was about ended I said to 
him, ‘‘Horace, if you can keep your feet on the ground, 
if you can carry a level head, if you will always be honest 
and studious and energetic, if your morals and your 
health are good, you will succeed, take it from me.’’ He 
said, ‘‘Thank you. That is enough for me. I am sure 
T will, now.’’ 

I have seen him several times since. He has inter- 
viewed me several times for different newspapers, and 
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he has kept his head. What he writes is syndicated. He 
is not a Jackie Coogan, but what he writes is read. I 
have not seen him for some time until a very short time 
ago, and he had grown from that little fellow up to where 
he stands now, 16 years of age, a man grown, and in my 
conversations with him I almost believe that his head 
is pretty nearly full grown. 

I do not know what kind of a speech he can make, be- 
cause I have never heard him speak; but this morning 
he said to me, ‘‘I would like to have two letters of intro- 
duction from you.’’ ‘‘What for?’”’ ‘‘There are two men 
I want to see.’? ‘‘Who are they?’’ ‘‘John D. Rocke- 
feller and Chauncey M. Depew.’’ I said, ‘‘I do not think 
I could possibly see them myself.’’ He said, ‘‘ All I want 
from you is a letter of introduction to them and I will 
do the rest. If I cannot succeed it is no matter. But I 
was told by my newspaper to see those men if I could, 
and I am going to do everything possible to accomplish 
that thing.’’ 

Now I had quite a long written statement by some one 
in regard to Horace Wade, but I think I have told you 
enough about him,—as muchas you ought to know in 
order to make up your opinion in regard to what he is 
going to become, if he lives up to and practices the ideals 
which he seems to have adopted; and some time some 
of you will hear of him as a distinguished lawyer if he 
lives and keeps his health. He is still in the high school, 
in the fourth year, working all the time at his studies, 
at the same time doing this outside work. If there is a 
lazy man in this audience, please be benefited. 

I have the very great pleasure of introducing Master 
Horace Wade. (Applause.) 

Horace Wane: Mr. President, ladies and gentlemen: 
I value beyond expression this opportunity to address 
you as made possible by your capacity to endure punish- 
ment. I was very much disturbed in my mind when Judge 
Gary so graciously extended to me this invitation for 
fear that I might not meet the proprieties of the occasion, 
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so I wrote him and asked him just how much patience I 
might expect, and he answered that the chairman of the 
evening was blessed with infinite good nature and I might 
run along for say twenty minutes or more. I fear before 
the twenty minutes are up he will say, ‘‘Run along, 
Horace,’’ and the blessing so bright will have taken 
its flight. . 

In 1920, when I was helping Mr. Pulitzer get out the 
New York World (laughter), | was, as Judge Gary told 
you, sent to interview him. An incident occurred during 
the progress of that interview that has been of such 
tremendous benefit to me that I feel I should make this 
public acknowledgment in order to show you that any- 
thing is possible to those who have courage. He leaned 
over and pressed a little button and there flashed the 
inspired electric legend, ‘‘It can be done.’’ Maybe he 
noted what an amateur I was in holding my end of the 
interview and flashed that message to let me know that 
he had been through the mill before. Anyway, it drove 
the lesson home, and it is my beacon light today. 

When I asked Judge Gary if it would be proper to 
speak of the boys of America, he said I could do so, or 
take any topic that I wished. Had the Judge been my 
good friend Vice-President Dawes, who hails from the 
Valley of Ten Thousand Smokes, such indulgence would 
not have been granted. In proof of this I refer you to 
anyone of the Conscript Fathers. But after thinking the 
matter over I decided that the boys of America could 
worry along without my advice and that they would give 
a good account of themselves if their fathers would give 
advice on occasion out in the woodshed. So that I am 
going to tell you the reaction of a boy in meeting the 
great and near-great of this Star Spangled Banner land. 

It seems ages ago since I began to push a pen as a 
cub reporter. That was in 1920, when I was eleven and 
had just completed my first novel. 

Thomas A. Edison was my first reportorial assignment. 
Since that time I have interviewed some three hundred 
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or more notables. But I can safely say that Thomas A. 
Hdison was the hardest nut I had to crack and I almost 
did the Gloria Swanson act and took the count. I met the 
great electrical wizard out at his laboratory in Orange. 
He was tinkering on a machine to decide definitely 
whether or not a man on earth could communicate with 
his mother-in-law in heaven. Now I do not know how that 
machine turned out, but I should imagine that when it 
is put on the market it will find a considerable gales 
resistance. Perched on a stool with my note-book in hand 
I began to unmask my verbal batteries. One, two and three 
- shots I fired across his bow without effect, and to say that 
Mr. Edison’s sturdy step on the toe of a tenderfoot 
yielded cries for mercy—why, he looked at me and then 
through some sixth sense became conscious of the fact 
that I was trying to get something over, and as it seemed 
to me, he fairly bellowed, ‘‘Get off that wire, Horace, it 
is disconnected.’’? I switched to starboard and mega- 
phoned my questions; but I was as wet as New Jersey 
when I got through. 

I have interviewed three Presidents of the United 
States. They offered three distinct studies. 

Warren G. Harding was as sunny as a May morning, 
with the kindest eyes I have ever seer. You could feel 
his great heart beat in every handclasp. I remember that 
during the interview, with a cub reporter’s penchant for 
jaw-breakers, I used that very much over-worked word 
propaganda and took issue with Mr. Noah Webster in its 
pronunciation. ‘‘Just a moment, Horace,’’ said the Presi- 
dent; ‘‘suppose we get that word right. Supposing you 
had a lame gander, not a lame political duck, but a 
gander, and you propped it up; that would be proper- 
gander.’’ In this seemingly innocent incident you see the 
real heart. 

I interviewed cautious Cal, and found him as incom- 
prehensible as a Bayside oyster. He has the gift of deep 
and dark silence. The first time I met him I did not get 
very far from home base. It was in the second year of 
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the Volstead reign, and New York was still very damp. 
I had armed myself with umbrella and rubbers. As I left 
Mr. Coolidge, satisfied my interview would be ninety per 
cent. fiction and ten per cent. fact, I heard a cool, even 
voice, with a nasal twang in it, saying, ‘‘ Horace.’’ ‘‘Yes, 
sir,’’? I replied. ‘‘You have forgotten your umbrella.’’ 
I trudged back with embarrassment and retrieved my rain 
stick. I had again retreated to the door when once more 
came that cool, metallic voice calling me, ‘‘Yes, sir,’’ I 
replied, all a-tremble. ‘‘You have forgotten your rub- 
bers.’’ Redding to the roots of my then towsled hair I 
retraced my steps. He pointed to the rubbers without 
cracking a smile. Again I began my Odyssey to the door. 
when once more came that voice, ominous with solemnity, 
‘‘Horace.’’ ‘Yes, sir.’’? ‘You have forgotten your cap.’’ 
I faced about and, as I did so, President Coolidge smiled 
and then broke into a hearty laugh. It was like the 
Northern Lights playing on a glacier, but there was pith 
_ and point in whatever he said. Quite opposite with 
William Jennings Bryan, the boy orator of the Platte. 
I was sent to interview him, and when I returned the city 
editor asked, ‘‘Did you see Mr. Bryan?”’ ‘“Yes.’? ‘“What 
did he have to say?’’ ‘‘Nothing.’’ ‘I know that, but how 
many columns of it??? (Laughter.) 

Now we approach the big subject, William Howard 
Taft! He is the jolliest mountain of flesh that ever sat 
in the White House. It was on a July morning that I 
breezed in to see him. There sat the venerable Chief 
Justice of the United States without a coat, collar or vest, 
puffing, blowing, quivering with the heat. When we posed 
to be photographed he looked me over with a puzzled 
expression, then surveyed himself in the mirror, and 
turning to the photographer said, ‘‘You had better take 
me by sections so Horace can get into the picture.’? But 
he is a pippin to interview. He has a pet phrase, ‘‘I am 
out of politics,’’ that keeps him off the thin ice. He told 
me he found he was out of polities when he stood at the 
corner of State and Madison Streets, the busiest inter- 
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section of Chicago, and nobody recognized him. ‘‘I 
started to cross the street,’’ he said, ‘‘when a traffic cop 
looked at my delicate proportions and hollered, ‘Hey, 
there, you big fellow, get a move on, you are blocking the 
traffic.’’’ Did you ever hear Mr. Taft laugh? If you 
have not, you have missed one of the rarest physical 
phenomena in the world. It starts with a chuckle way 
down under the seventh rib, then expands in a tornado 
and finally collapses in a cataclysm. He is fifty-fifty on 
funny bone and back bone. 

It was my honor to interview his royal nibs, the Prince 
of Wales (laughter). I taxied from the Drake Hotel with 
my Oriental friend, the Grand Vizier of Persia, to the 
club that was entertaining the heir to England’s crown. 
The Grand Vizier was wrapped around some ancient 
vintage and made the night air ring with, ‘‘Comrades, 
comrades, ever since we were boys.’’ The Oriental 
complex has a hard time getting in town with our dark 
coated friend Mr. Volstead. This physical type of Omar 
Khayyam reminds me of a story. 

Pat was always getting drunk. One day the priest 
said to him, ‘‘Now, listen here, Pat; this has gone far 
enough. The very next time you get drunk I am going 
to change you into a rat.’’ That night Pat was very 
docile, but the next night he came home worse than ever, 
kicking in the door. Biddie dodged behind the table to 
defend herself, but Pat said, ‘‘Don’t be afraid, Biddie, 
I am not going to beat ye, I won’t lay the weight of my 
finger on ye. I want ye to be kind to me tonight, darling, 
and remember the days when we were sweethearts in 
London. The Domine told me if I ever got drunk again 
he would change me into a rat. Well, he has not seen me, 
but if he does this night into a rat I go, but I want you 
to be kind to me tonight, darling, and when ye see me 
getting little and the hair growing out and my whiskers 
getting long, if ye ever loved me, darling, for God’s sake 
keep your eye on the cat.’’? (Laughter.) 

So if you ever go taxi-ing in the gloaming with the 
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Grand Vizier, my advice is to keep your eye on the bottle. 
If you had wrapped a little straw around him you could 
have smuggled him across the border as a demijohn. 

So many of you saw the Prince of Wales that you no 
doubt recollect him. I asked him a few commonplaces, 
and he hemmed and hawed, and seemed to have trouble 
corralling his words. As an exponent of fluency he would 
make a shining success at a Quaker meeting. 

Quite opposite is Sir Thomas Lipton, the King, Priest 
and Prophet of the amber brew. He is a lineal descen- 
dant of Old King Cole and his Fiddlers Three. Tradi- 
tion says he is Irish, but I think he has a little Scotch in 
him (laughter). He launched into a tribute that was a 
classic, and then excused himself for a moment and re- 
turned ninety per cent. Scotch and ten per cent. Irish 
(laughter). A few moments later he excused himself 
again, and upon his return I found I had a full-fledged 
Scotchman upon my hands. And thus the great cam- 
paign to make America a tea-drinking nation was 
launched. 

Then there is Mary Pickford, my old-time sweetheart 
—we were engaged to be married. I was eleven and Mary 
was—oh, well, she just was. She promised she would 
wait for me, and she did wait. She waited until I got out 
of sight. And then she said, ‘‘No, it is Doug Fairbanks”? 
—the ugliest man on earth outside of Bill Rogers and 
Irv Cobb, the last two words in physical misadventure. 
But I may get her yet, for short-changing on husbands 
is still practised in Hollywood, the city of few fixed stars. 

It was my strange fortune to interview Elinor Glynn, 
the little lady who wrote that charming religious tract 
called ‘‘Three Weeks.’? She may have been three weeks 
writing it. She has been over fifty years trying to live it 
down. She told me she was one thousand years old, and 
‘“‘T remember distinctly kissing and cooing somewhere on 
the banks of the Nile.’’? It is pleasant to reflect with Chi- 
cagoans present that if she lives another thousand years 
she may see a subway in Chicago (laughter). She has a 
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rare gift of changing the color of her eyes. at will. If 
anybody wanted to drink out of her eyes they would have 
to do it with a rainbow cocktail. 

Then there is William Jennings Bryan, who ran for 
President three times; and he is now whiling away the 
time down in Florida throwing monkey wrenches in Dar- 
win’s machinery. Contrary to popular belief, Mr. Bryan 
has no control over his words. I asked him one question 
and he rattled on for three hours in three-point type. 

Now these are a few of the many notables whom I have 
interviewed, men and women of various moods and 
minds, and I think I found a common denominator that 
made the way plain and the path simple. You will be 
glad to know that, like Lady Godiva, at the end of her 
famous ride, I am drawing near my close. You can see 
that the life of a cub reporter is not all peaches and 
cream, not the primrose path; there are plenty of thorns 
to the roses. But as Frank Stanton, the song bird of the 
Southland, says, ‘‘Ain’t the roses sweet?”’ 

Now may I not as a peroration pay a merited tribute 
to the President of your Institute, Judge Gary? I have 
said it often in print and wish to grasp this opportunity 
to pay tribute to his noble qualities of head and heart. 

In all my contacts with Judge Gary I have always ex- 
perienced the most delightful consideration and the most 
cordial courtesy. Borrowing from Shakespeare, I will 
say that ‘‘the elements are so mixed in him that all the 
world might say, ‘This is a man.’’’ Had he lived in 
ancient Greece his praises would have been chanted at 
the banquets of the Ionian Princes, and in this day and 
age America has reason to feel proud of our good friend 
Judge Elbert H. Gary. (Applause.) 

Juper Gary: I thank you all for coming. I bid you 
good-night. 
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IMPROMPTU REMARKS 


Einpert H. Gary 


President, American Iron and Steel Institute 


Gentlemen of the American Iron and Steel Institute: 

It gives me great pleasure to welcome you here again 
today. I think we should all be very well satisfied with - 
the progress this Institute has made. Wherever you may 
go, in this country or in any other country, you will find 
people, who are well informed, who are familiar with this 
Institute, and with your work. 

The address which I have prepared for this meeting 
—and it will be no better than any of the others, I am 
sorry to say—will be made this evening, by direction of 
Mr. Farrell’s Committee on General Arrangements and 
Program. What I shall say this morning will probably 
be brief, certainly without any previous preparation, and 
perhaps not entirely satisfactory. 

But at the outset I wish to read two letters from two 
of our very fine, splendid, old and faithful friends, re- 
spectively. One is from Powell Stackhouse, who was in- 
vited to be present today, but is unable to appear. 


‘My dear JupcE Gary: 

‘Your very kind invitation of 29th ultimo to 
attend the Autumn meeting of the American Iron 
and Steel Institute on the 23rd instant was duly 
received. I recently slipped and gave my knee a 
slight twist; and, while improving, it still troubles 
me a little. Though hard to do so, I try to keep as 
quiet as possible. I think the Institute can be con- 
gratulated by my absence, should I have attempted 
to talk. 

‘Thanking you for your kind intentions, and 
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with kindest wishes to you and my old friends, 
I am, 
‘« Affectionately yours, 


‘<PowELL STACKHOUSE.”’ 


The next is from Mr. BuTLER: 


‘‘Dear JupGE Gary: 

‘Instead of being present at the October meet- 
ing of the Institute, as expected, I am sending you 
this brief note. I send my affectionate regard to 
all the directors and to the members as well. I 
am with you all in spirit, and am deeply appre- 
clative of the kindly feeling which I am sure pre- 
vails with the entire membership. 

‘«Sincerely yours, 
“J. G. Burien, JR.”’ 


These dear old friends, like some of the rest of us, 
will soon be passing on. And as men grow older they 
become more thoughtful of the best things in life; they 
realize more clearly and they appreciate more deeply 
the kindnesses which have been shown them; they ap- 
preciate the friendships which have been established, 
and they understand better than people of younger years 
do that in every department of human activities, of more 
importance than the making of money, the building up 
of fortunes, is the building up of character and the creat- 
ing and cementing of friendships. These include busi- 
ness relationships as much as any other. 

Speaking for myself, I shall never forget how kind and 
patient the members of this Institute have been towards 
their President. I think to have occupied this position 
for more than a decade, without ever having received any 
word of unkindness from the directors or the member- 
ship of the Institute, is about as high an honor as could 
be conferred on any business man. 

To say that Iam proud of the Institute and of its mem- 
bers would be a mild expression. I could not truthfully 
utter any words except words of praise and compliment 
concerning the membership of this Institute. I think we 
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have seen a steady and persistent growth in the direction 
of high moral attitudes, of the belief in and the exercise 
of moral principles; and I believe and realize that if 
anything serious happened to this Institute it would be 
a catastrophe, not only to the steel industry but to the 
business centers of this great country. 

Our industry has always been known as the barometer 
of trade; and that statement is probably justified. But 
sometimes I think, gentlemen, if you will allow me to say 
it, that perhaps it may be, and occasionally is, the ther- 
mometer of trade; I think it is apt to be like the mercury 
of a thermometer, that goes up and down, depending 
upon the weather. And that is one of the most serious 
and one of the saddest things about our industry. In 
such a country as this, with the best advantages that a 
kind Providence ever gave to any country, with natural 
advantages that are remarkable and great as compared 
with those of other countries, with almost unlimited 
wealth, certainly with unlimited prospects of wealth, with 
a Constitution and laws that no reasonable, honest- 
minded man could object to, with opportunities for suc- 
cess which are free and open to every one, every man and 
every woman, and especially at the present time with the 
governmental administration, including the President as 
leader and his Cabinet, all disposed to do everything 
reasonable and fair and honest to assist all the people 
without reserve and without discrimination in securing 
not only a livelihood but the comforts and pleasures and 
happiness of life; with organizations of our own that will 
compare favorably with any business organizations any- 
where, with as high quality of talent and all the virtues; 
there is no reason why the steel industry in the United 
States should ever be in the dumps; there is no good 
reason, and there never can be so long as they have the 
facilities which now exist, why there should not be pros- 
perity in our business, a reasonable prosperity, increas- 
ing or decreasing more or less with vicissitudes, but al- 
ways good and profitable. 


220 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


Why are we not always successful in our business, 
gentlemen? For a moment let us look into our own 
hearts and see if we can find any reasons. I offer the 
suggestion, for your approval or rejection, according to 
your own best judgment, that lack of success in our lines 
of business, to a greater or less extent, results from 
lack of confidence in each other. We do not always be- 
lieve and depend upon what our business neighbors say. 
We believe that our neighbors are selfish in the extreme. 
And that is more or less true. But we overlook the fact 
that it is just as true of ourselves. There is not a man 
in this room who would not like to do the right thing, 
who would not prefer to be absolutely honest and fair 
and to have his neighbors rely upon him as such. 

The members of the Iron and Steel Institute, whose 
predecessors did not always have the best reputation in 
business, have reached the moral and the intellectual 
position of realizing that it is better, from every stand- 
point, for a man to be square and decent in business. 
That is the general attitude of the iron and steel indus- 
try today. And I undertake to say that this industry 
will compare favorably with any other industry in this 
country. And yet, sad to say, we know from experi- 
ence that we are negligent, that we are careless in regard 
to what we say, that we are over-selfish, and that we seek 
to secure a little more of business when business is dull, 
because we think our stockholders or those who are de- 
pending upon us would be better satisfied if we made a 
little more money. And we are selfish to the extent of 
being blind to the fact that if we were absolutely honest 
and square and reasonable and generous towards each ° 
other, seeking only our fair share of business, on the basis 
of fair profits, while we might lose a little today or to- 
morrow, on the average for the long run we would make 
more in dollars and cents. That is something we do not 
seem to fully and absolutely appreciate. 

If any individual supposes there is an attempt in these 
remarks to throw a stone at any particular individual, 
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corporation, company, firm or concern, he is mistaken. 
It is simply a general charge, which applies to all of us. 

Gentlemen, we do not have in our minds today, to the 
extent we ae in our minds in time of adversity in 1907, 
the full effect and benefit of the principles of the Caan 
Rule. I know it was said in days gone by, not so long 
ago, that some of the members of this industry were 
preaching too much. Gentlemen, the time will never 
come when any business man can preach too much, too 
frequently, or in too clear words and language, in favor 
of the maintenance of high principles concerning busi- 
ness relationships. (Applause.) 

From your applause it seems that sentiment appeals 
to your consciences and your hearts and your intellects, 
your best thoughts and your real wishes. 

Of course there will be times when some one will ac- 
cuse some of us or all of us of hypocrisy, of being dis- 
ingenuous, of being less than frank; but that does not 
make it so. A charge is very much different from proof. 
And we are imposed upon frequently by misrepresenta- 
tion of what we have said’ or what we have permitted to 
be said by our subordinates. The claims against us have 
been unjust and ill-founded. But even so, it would be 
better for us if we refused to retaliate, even if we think 
we have been unjustly charged. Our hearts should be 
big enough and our minds should be sufficiently intelli- 
gent to come back to the statement that it is better for 
us, so far as we can, to always do the right thing. 

Now, gentlemen, we are on the eve of great prosperity, 
as it appears. Something may be said about that this 
evening. I am not proposing to anticipate what will be 
said this evening. But I make this assertion, that to the 
extent that prosperity increases, that our mills are filled, 
our order books large, our honesty in dealing with and 
towards each other will increase OO a That 
is only a practical suggestion. 

These remarks which have been ade are not intended 
to apply only at this particular time. They are intended 
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to be received by every one of you with the attempt to 
plant them in your very natures and keep them there, 
and to remember that when the times are not so good, 
when orders are few, moral principles are just the 
same, that they never change, and then is the time 
when you ought to bring forward from your memory into 
your every-day life what you know from your mental 
conception and your practical observations, that they will 
bring you more business and more profits; that you can- 
not make something out of nothing; that if there is only 
so much business to go round you cannot increase it by 
trying to get something for yourself that naturally be- 
longs to some one else. And if you always take into ac- 
count the rights and interests of your neighbor to the 
extent that you take into consideration your own—and 
you know, although sometimes perhaps you or your sub- 
ordinates say they do not know, you know about what 
business you ought to have and how much your neighbor 
ought to have; and if you exercise your business rights 
and interests only as you ought, with decent concern for 
your neighbor, there will be a better maintenance of fair 
prices, there will be a more equitable division of busi- 
ness, and in the long run you will find you did a good 
thing, because you have been active or silent, as the case 
may be, in the restoration of business to its natural and 
proper equilibrium. 

I am not talking against competition. Competition is 
the life of trade. It is not only desirable; it is necessary. 
And we should not try in any respect to suppress fair 
and reasonable and active competition. But destructive 
competition is not reasonable, not desirable, and never 
beneficial in the long run to anyone. 

During the last months you have had some occasion to 
ascertain for yourselves whether or not what has been 
said here has any application. 

No one desires. to have competition that is destructive, 
no governmental agency, no reasonable competitor. Fair 
prices result in the most good to every one. If anyone 
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here actually believes that what has been said is either 
unjustified from the facts or that it is poor logic, I am 
sorry for that one; he is the one who is making the 
most mischief and bringing about the most harm for 
himself. 

I say to you, gentlemen, that you are too fine, you are 
too splendid, too intelligent, to be so unjust to yourselves 
as to try to succeed by unfair treatment of your neigh- 
bor. You owe it to yourselves and you owe it to your 
country to do everything you can to maintain prosperity 
all the time and under all circumstances. And every one 
of us should get out of this position of trying to get 
away our neighbor’s business unfairly. And by that I 
mean the business that naturally comes to him. Of 
course you have the right to compete and get your fair 
share, and be prepared to get it all the time. You could 
not make an agreement that you would not go into any 
other line of business, or that you would not extend your 
works, or that you would suppress competition. That is 
an agreement that would not be binding if you should 
make it; and you would be foolish to make it. 

Now, gentlemen, of course when one starts on a sub- 
ject of this kind it is difficult to stop. Therefore, I will 
only say again that I should like to retain and I should 
like to deserve the friendship of every one of you. In 
my heart I have never felt anything of unfriendliness 
towards any one in business. And I think that is the de- 
sire and intention of all of us. That is the position to 
accept, to occupy and to maintain. We may misunder- 
stand each other, but we should never intentionally do a 
wrong to another. 

Over and over again, I thank you for all your kindness 
to me. 


Gentlemen, you will find we have today, as a result of 
the energy and discretion and good judgment of the Com- 
mittee, one of the finest programs we have ever had. All 
of you ought to hear the papers that will be read in the 
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forenoon as well as in the afternoon. I tell you they are 
splendid. Please stay in the room if you can. If you 
smoke one or two less cigars today than usual, it will not 
hurt you. And it is not necessary today for you to go 
into the other room to see if you can get another order: 
you will be turning away business before our next meet- 
ing. (Applause.) 

Please give attention now to the papers that will be 
read. We first have the pleasure of hearing a paper on 
Low Temperature Distillation of Coal by Mr. M. W. 
Ditto, General Manager of the Socony Burner Corpora- 
tion, New York. 


Mr. M. W. Dirro: Mr. Chairman and gentlemen: I feel 
some explanation is due you with regard to my paper. 
It is a new subject to nearly everyone in the steel in- 
dustry. There is no established practice in this country 
in the low temperature distillation of coal; and when I 
was asked to read a paper before you and I had studied 
the subject further from that angle, I came to the con- 
clusion that all I could hope to do today would be to in- 
terest you in the subject, to tell you a few things about it, 
so that if you wished to carry on you would have a guide 
in seeking for further information. 


LOW TEMPERATURE DISTILLATION OF COAL 
M. W. Drrto 


General Manager, Socony Burner Corporation, New York 


As implied by the name, the process or method is dis- 
' tinguished from high temperature coal gas practice or 
coke oven operation by devolatilizing the coal at tempera- 
tures that will not decompose the primary gases and oils. 

The primary object of the method is to secure the 
liquid and gaseous hydrocarbons in their natural form 
and distillation must take place below 1300° F. (com- 
pared to high temperature carbonization at temperatures 
above 2000° F.) in order to get the maximum yield. The 
principal end-product of low temperature carbonization 
is primarily tar oils, just as coke is the primary product 
of by-product coke ovens. 

The yields per ton of coal for low temperature distilla- 
tion of bituminous coal, adhering strictly to the method 
and disregarding possible modifications of it, are ap- 
proximately as follows, the amount varying with the coal 
used: 


Semi-€Ok@))s.<s- 20 sie ele ee 1300 to 1400 lbs 

ADE Ona Nebel cine le or Or 3 to 30 gallons 

Ammonia sulphate.......-.-++-+> 13 to 20 Ibs. 

(Caicans dhovae Donon ds Toners On 3000 to 5000 cu. ft. (700 to 800 B.T.U.) 


Low temperature coke generally is of a soft, thin-celled 
structure and easily broken. Tar oils are made up of 
different series of hydrocarbon compounds from those 
obtained by high temperature methods. The ammonia 
can be recovered either as a liquor or a salt. The gas has 
a high percentage of illuminants and a small percentage 
of hydrogen and carbon-monoxide, thereby accounting 
for its high calorific value. 
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It seems early now to state whether low temperature 
distillation, as it is being developed, is a complete pri- 
mary process for treating coal or not; and, if it is, in what 
form it will be commercialized. It may be only one step 
of a method, the results of which will be useful to another 
step; namely, the complete liquefaction and gasification 
of coal. 

The processes of low temperature distillation of coal 
and complete gasification of coal are so closely related 
by advocated methods, that it is difficult to consider one 
without the other; and a great many of the processes 
that are being developed better lend themselves to com- 
plete gasification than they do to the production of coke. 

From results obtained in the laboratory, the liquefac- 
tion of coal opens up anew field that will influence the 
future of these methods before the processes are ulti 
mately reduced to a commercial basis. 

An illustration of this is evidenced by the fact that 
Germany is now producing synthetic alcohol (methynol) 
from water gas cheaper than it can be produced by the 
distillation of ferments or hard woods. Coincident with 
this, such products as aldehydes, ketones, gas and fuel 
oils are also recovered. If after recovering the primary 
tars semi-coke is used for the production of water gas, 
and the synthetic products mentioned above are eXx- 
tracted, we would approach ultimately complete gasifica- 
tion and liquefaction of coal. 

Similar synthetic products are now being produced by 
the Standard Oil Co. of New Jersey from the unsaturated 
products in still gases. These gases have the same gen- 
eral chemical composition as the fixed gases produced 
in low temperature distillation of coal. The secondary 
products produced are propyl, butyl, amyl, hexyl and 
octyl alcohols and compete with amyl and butyl alcohols 
which are produced by fermentation methods. 

Low temperature distillation seems to be the right 
place to start, but where to end is a question only de- 
velopment and time will answer. 
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Considering low temperature distillation in its ele- 
mentary form, its products will have to find a market as 
substitutes for other products; but considering it from 
its ultimate application, the markets will probably offer 
less resistance. That is, oils and synthetic products with 
gas could be more easily sold simply because finished 
material has greater economic value than raw or par- 
tially finished material. 

From a general survey of the question there now seem 
to be three definite industrial fields where the process 
would be of use. 

First, to the producer of bituminous coal who could 
work up part of his coal into more valuable by-products. 
Second, to the gas man who is producing fuel gas. - 

Third, to public utility power generation. 

The question of whether the whole or a part of the 
process would be of interest to the steel industry de- 
pends upon the method used and the local problem to 
which the process is to be applied. 

A review of the work done up to the present time and 
the trend of present development indicate that it is 
likely to be more interesting to the coal producer and 
the gas industry than it is to the iron and steel industry. 
However, there are many factors to be taken into con- 
sideration and it may prove worthy of serious study by 
the steel maker, because of possible influence upon costs 
in processing. 

To detail the history of this subject would require 
more time than I now feel at liberty to take. Therefore 
I am only going to indicate some of its possibilities as I 
see them. . 

The antecedents of the method began in the treatment 
of oil shale and German brown coal. Active development 
work on coal started about 1906 and experiments since 
that time indicate that there are three general methods 
that are applicable. 

We will assume that it is a method of devolatilizing coal 
at temperatures below 1300° F. in closed retorts of suit- 
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Fig. 1—Greene-Laucks’ retort. 
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able structure to carry on the distillation in the absence 
of oxidizing gases. There are several methods that may 
be classified according to the application that is to be 
made of the result. ; 

First—The low temperature distillation of the coal, 
where gas of high calorific value would be recovered, 
together with a good yield of low temperature coke; 
its by-products being high yields of tar oils and some 
ammonia. 

Second—The low temperature distillation of the coal 
and the gasification of the resultant coke to be mixed 
with the gases resulting from the coal distillation 
with only oil and ammonia as the by-products. 

Third—The complete gasification of all of the products, 
that is, the mixture of the gas from the primary dis- 
tillation with the blue gas or producer gas made 
from the resultant coke, and the enrichment of these 
eombined gases by adding to them part of the oil 
that has been recovered from the first step by con- 
verting it into gas. 

These methods are illustrated as follows: 

One of the large coal companies in the Middle West 
has been carrying on experimental work, and it is claimed 
successfully, with a type of apparatus illustrated in Fig. 
1, and a commercial plant of this character is soon to be 
started near the coal mines in southern Illinois. 

This plant is made up of cast iron retorts containing 
specially designed spiral conveyors in a vertical position 
surrounding the hollow central shaft. This permits the 
rotation of the central shaft without agitating the coal. 
The intent of the design is to produce a good quality of 
coke that will stand handling, and low temperature tar 
and gas. It is claimed, when a good quality of coal is 
used in this retort, that the coke is discharged in large 
pieces. 

Another experimental plant at Walkerville, Ontario, 
utilizes a different method of distilling the coal than is 
indicated by the foregoing example. In this instance 
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the coal is conveyed through a closed retort on an iron 
conveyor which floats across the surface of a molten lead 
bath. The heat of the lead devolatilizes the coal and the 
coke is carried ont and discharged from the conveyor 
belt. 

The product from this plant is similar to the one men- 


ui | 


LL’ 


Fig. 2—McIntire retort, end elevation. 


tioned above, except that the coke has to be compressed ° 
or briquetted before it can be marketed, or burned di- 
rectly under boilers. 

Another type of apparatus and method, on which a 
great deal of money and time has been spent in develop- 
ment, is located at Clinchfield, West Virginia. It is illus- 
trated in Figs. 2-and 3. This is a special design of 
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indirectly heated retort placed in a horizontal position, 
the coal being fed into it at one end and the coke dis- 
charged at the other. A series of paddles carried on a 
central rotating shaft moves coal along the bottom of the 
retort, agitating it at the same time. The heating is done 
along the bottom surface over which the coal is being 
conducted and the resulting coke is discharged in small 
pieces due to the agitation. This fine coke can be 
briquetted with a pitch binder and recarbonized or used 
as producer fuel. The original object in this instance 
was to procure a smokeless fuel from bituminous coal and 
the normal products from low temperature treatment. A 
retort of this design has been in operation two years, 
during which time it treated 11,500 tons of coal from 
which was recovered 350,000 gallons of oil. 

One method of complete gasification utilizing the low 
temperature principle is illustrated in Figs. 4 and 5. 
This is similar to a producer, having superimposed above 
it or adjacent to it a retort zone through which the hot 
producer gases pass in contact with the coal. The tem- 
peratures are controlled and the coal in the upper zone 
of the retort is distilled at relatively low temperatures. 
One of the objectionable features to the method is that 
the gas is of low heat value, because of dilution of the 
producer gas. This type of gas, however, is suitable for 
industrial purposes. It is claimed that a good quality 
of coke can be recovered by this method, if desired, by 
diverting part of it from the distillation zone. This is 
probably due to the fact that coal is handled in a larger 
mass than it is in the type of retorts treating thin layers 
of coal. It is claimed that a commercial sized plant of 
this design is now being operated in England. 

Another method following along these same lines js 
illustrated in Fig. 6, This takes the form of a large 
cylindrical kiln similar to those used in the cement in- 
dustry, rotated on a horizontal axis, the coal being fed 
in at a high elevation and the coke discharged at the low 
elevation, where the producer gas is admitted, flowing 
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counter-current to the movement of the coal. This has 
the same inherent objections so far as products are con- . 
cerned, except that the dust is more objectionable than in 
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Fig. 6—Nielsen process. 


the vertical type of retort. The gas is satisfactory for 
industrial purposes. 

Another method of English origin is illustrated in Fig. 
7. This is a combination of methods in which the dis- 
tillation of the coal is carried on by both indirect and 
direct application of heat. The retort 1s made of cast 
iron, a horizontal cross-section of which is shaped like 
a figure eight. Retorts are ina vertical position and each 
lobe contains a spiral screw whose threads intermesh at 
the center with the adjacent screw. These screws are 
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Fig. 7—Low temperature carbonizing plant heated by the combustion of 
the blow gases from a water gas generator (Marshall-Easton Process). 
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rotated in the same direction. The purpose of the two 
screws is to prevent the agitation of the coal in its 
descent through the retort except at the point where the 
two threads overlap. The coke is discharged at the 
bottom in large pieces of annular contour that might 
be likened to two doughnuts from which sections have 
been cut, and when placed together would look like a 
figure eight with no cross junction at the center. 

Part of the coke made in the retort is charged to the 
adjacent water gas machines and the hot gases resulting 
from the manufacture of water gas are conducted di- 
rectly to or around the retort. During the blowing period 
the products of combustion and carbon-monoxide are in- 
troduced on the outside of the retort, where final combus- 
tion is completed, and during the gas period the water 
gas 1s introduced into the bottom of the retort and forced 
through the coal mass around the screws. 

The quality of the gas is controlled by the amount of 
coke that is diverted for its production and, as the tem- 
peratures can be controlled, the reaction is carried on 
with low temperatures and the usual by-products can be 
obtained. This type of apparatus has the valuable fea- 
ture of being able to make coke in larger pieces that 
could be sold for a domestic type of fuel as well as pro- 
ducing a gas containing no inerts, with corresponding 
higher heat value. 

This is important, because if the gas is to be dis- 
tributed through existing pipe lines, it is impractical now 
to consider the low heat value gas. 

It has been recently announced that a plant is soon 
to be built at Milwaukee, in conjunction with the Central 
Station Power Plant, to carbonize powdered coal by low 
temperature distillation. The plan is to drop the coal 
into.an internally heated tower where it will come in con- 
tact with an upward current of hot inert gas. The ex- 
tremely large surface presented by the finely divided fuel 
particles insures a rapid transfer of heat so that dis- 
tillation is effected during the time the fuel falls from 
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the top to the bottom of the tower, a distance of about 
30 feet. When using coals having a tendency to ag- 
glomerate they take advantage of the fact that by pre- 
heating the coal to an average temperature of 600° F’. 
the coking tendencies of the particles are destroyed. It 
is then passed through another tower, immediately be- 
neath the first one, where the balance of the volatile 
matter is distilled out by its passage through a counter- 
eurrent flow of gas at an average temperature of 1050° 
F. The gases and oil vapors are carried off to scrubbing 
and cleaning apparatus and the pulverized semi-coke is 
conveyed from the bottom to be burned under boilers. 
This method is illustrated in Fig. 8. | 

‘It is interesting to note the tendency toward the use 
of cast iron retorts for carrying on these processes, ex- 
cept in those instances where direct heating of the coal 
is done. The reason for this is due to the high heat 
conductivity of cast iron as compared to refractory ma- 
terials and is made possible by the relatively low tem- 
perature under which the process is practised. It is 
claimed that the life of cast iron retorts operating at the 
recommended temperatures is greater than the life of 
refractory brick retorts operating at the high tempera- 
tures. It is also claimed that the net thermal efficiency 
of the cast iron retorts is higher than refractory retorts 
and that the rate of carbonizing is just as fast with the 
low temperatures as it is with the high temperatures in 
the brick retorts. The earlier experiments indicate that 
considerable difficulty was experienced in the use of cast 
iron, it having a tendency to grow and warp. Experi- 
ments since conducted seem to have overcome this diffi- 
culty by using the proper grade of cast iron. 

The tendency in most of the processes is to bring thin 
layers of coal in contact with the walls of the retort in 
the indirectly fired type, and in the direct methods to con- 
stantly agitate the coal. The purpose of this is to shorten 
the time of devolatilization. 

Without attempting to go into the merits of various 
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methods advocated, we can only say that the method to 
be used must necessarily be influenced by the end to 
which the results of the process are to be applied. 

If the subject is looked at purely from the angle of 
complete gasification, it is important that as few by-pro- 
ducts as possible be produced, as it will be assumed that 
aside from the oil by-products the coke would have more 
value converted into gas than as coke. If the subject is 
to be considered from the angle of oil as the principal 
end-product, it is important to have a satisfactory means 
of disposing of the coke, and if the problem is to be 
looked at from the point of producing a smokeless fuel, 
the coke would be the important end-product and the 
gases and oils the by-products. 

The process has had greater commercial value to 
England and Continental Europe in the past than it has 
had to this country. This is probably due to the fact that 
they had better markets for the products than have ex- 
isted here. However, since the war there has been as 
great activity in this country as in Europe in trying to 
work out the various methods. 

I do not believe that any of the plants either here or 
in Europe can yet be called paying commercial plants 
with the exception of several brown coal plants in Ger- 
many. Some impetus was given to the subject during 
the war because of the possibility of recovering a higher 
amount of by-products, particularly oil products. 

Different conditions here offset the desirability that 
might exist in Europe for a process of this kind. They 
had a market developed for modified fuels, whereas we 
will have +o develop one in competition with good coal 
at prices that would be hard to profitably meet. The oil 
or tar resulting from the low temperature process did 
not have a market here because none of it was produced, 
so that one will have to be created for it as fast as the 
industry is built up in this country. 

That there is a market for this character of fuel, where 
it is made available, is indicated by what is being done in 
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Kngland and Europe. For instance, in 1922, with a total 
production of 260,000,000 tons of coal in England there 
was produced 2,000,000 tons of so-called patent fuel, of 
which 1,875,000 tons was exported to Continental Europe. 
In the same year Germany, with a coal production prac- 
tically the same as England, manufactured 25,000,000 
tons of devolatilized smokeless fuel. All of this was con- 
sumed in that country. It is manufactured mostly from 
lignite coal. 


Karlier objections to commercializing these processes 
in this country were due to the fact that the products had 
to be sold in competition with a low-priced coal and an 
undeveloped tar and oil market. In the last four or fiv 
years these objections have been removed and responsible 
people are now making earnest efforts to build com- 
mercial plants of this character. 


Europe has had a greater incentive than we have here, 
because of the desire to replace the high cost motor fuel 
with a product from natural resources which they con- 
trol themselves. We have had unlimited quantities of 
crude petroleum from which to derive our gasoline, 
whereas Europe has to depend for motor fuel require- 
ments upon imported oil products and the benzol they 
recover as a by-product from coal distillation. There was 
not enough benzol produced by the high temperature 
method to take care of thei motor fuel requirements and 
at the same time their chemical industry. This led them 


to constantly seek other ways of producing cheap sub- 
stitutes. 


Low temperature carbonization to a certain extent will 
supply a satisfactory substitute that can be produced and 
sold in competition with. gasoline. 

We have learned since the war the value of the coal 
oil distillates for motor fuel and the demand for them 
in this country, even with an ample supply of gasoline, 
is greater than the by-product industry can take care of 
at the present time. This seems to be one of the products 
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from low temperature distillation of coal that has a ready 
market created for it. 

This market has developed because it is generally con- 
ceded that a mixture of benzol or benzine has beneficial 
effects when mixed with the standard grades of gasoline, 
and used in the standard types of automobile motors. 

By the use of low temperature for distillation of coal, 
higher yields of tar oil can be obtained than with high 
temperature methods, such as are used in by-product coke 
ovens. While as yet there is no established practice, the 
results obtained so far indicate that with good bituminous 
coals, approximately three-fourths to one gallon of tar 
oil, as the oil obtained in low temperature distillation is 
designated, can be recovered for each per cent of volatile 
matter in the coal. The coals available and used in Euro- 
pean practice do not give as high yields as stated, but 
results approximating these have been obtained in tests 
- with American coals, especially when there is a close con- 
trol of the temperature, and no decomposing of the low 
boiling hydrocarbons is permitted. 

The light oil fractions of the tar oil added to the oil 
that is stripped from the gas will give from two and a 
half to six gallons of motor fuel per net ton of dry coal. 
The character of the oils and their uses are indicated by 
the chart marked Fig. 9. The motor fuel obtained by the 
low temperature method has different characteristics and 
is made up of different kinds of hydrocarbons from a cor- 
responding product obtained in high temperature distilla- 
tion. Itis named benzine and not benzol. 

The ammonia yields are not as high with low tempera- 
ture distillation as they are with high temperature, but 
sufficient ammonia can be recovered to justify providing 
apparatus for its recovery. Dependent upon the coal and 
process used, yields of from twelve to twenty pounds of 
ammonium sulphate can be expected. 

The semi-coke resulting from most low temperature 
distillation is usually a soft and fragile mass. It is un- 
satisfactory for blast furnace use. Therefore, it will have 
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to be utilized in other ways. As it is generally produced, 
it will have from ten to fifteen per cent of volatile matter 
left in it. It makes a satisfactory domestic type of coke, 
being easily ignited and burning without any smoke. It 
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makes a satisfactory gas producer fuel and good results 
can be obtained from it in the manufacture of water gas. 

Probably about two gallons of oil could be fractionated 
from low temperature tar that might be classified as 
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Diesel engine oil. This grade of oil has been produced 
in Germany and used for this purpose. It would be 
questionable as to whether it would pay to produce it 
here in competition with the petroleum product. 

In some of the processes advocated, by mixing the coke 
with pitch binders, it can be compressed into briquettes, 
thereby making an excellent substitute for anthracite 
coal. The yield of this coke amounts to approximately 
70% of the weight of the original coke. 

The character of the gas obtained by this low tempera- 
_ ture process depends upon which of the three general 
methods outlined above are used. If the process is car- 
ried on by the indirect application of heat, yields of from 
3,000 to 5,000 cu. ft. of 700 to 800 B.T.U. gas are obtained. 
If the process is carried on by using the sensible heat 
of producer gas for distillation, from 40,000 to 60,000 cu. 
ft. of approximately 200 B.T.U. gas can be obtained. 

The literature on the subject gives complete detailed 
descriptions of the apparatus and methods experimented 
with and being used at the present time, including the 
ones illustrated herein. Enough operating data is not 
yet either established or made available for the public to 
definitely state that practice is established, and one ac- 
cepts the represented results with reluctance because of 
their apparent optimism. 

The steel industry could not be interested in all of 
these methods and it is most likely, if practical applica- 
tions can be made, they would be most interested in the 
total gasification process. To arrive at this conclusion 
one would have to assume that smaller yield of high 
calorific value gas has a greater economic value in a 
steel plant than the larger amount of low calorific gas, 
such as producer gas. 

It yet seems early to definitely state that the iron and 
steel industry will or will not be interested in the develop- 
ment of this method of treating coal. However, local con- 
ditions might warrant it. For instance, it is claimed that 
a proper percentage of low temperature coke crushed and 
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mixed with the high volatile coking coals used for pro- 
duction of metallurgical coke, not only acts as a substi- - 
tute for the low volatile coking coal, but also that it has 
the same beneficial effect upon the structure of the coke. 
If this is true, where low volatile coking coal is high in 
cost due to transportation and good bituminous coals are 
available near at hand, it might be possible to produce 
this substitute cheaply enough after crediting it with the 
value of the gas and by-products to reduce the cost of 
manufacturing the metallurgical coke. 

The other elements possessing potential value to the 
steel man are the oil and gas. However, these in turn 
would depend upon the process used. 

If we assume that only a percentage of the resultant 
coke be mixed with the coal for metallurgical coke and that 
the oil will either be refined or used as fuel oil, and that the 
gas be kept in the form best adapted for general use, the 
process that would be best fitted would be the combination 
of low temperature retorts and water gas machines. If 
half of the coke is used in the water gas machines, a total 
yield of gas would consist of approximately 20,000 eu. ft. 
of 320 B.T.U. gas and 5,000 eu. ft. of 800 B.T.U. gas, ora 
total of 25,000 cu. ft. of mixed gas having approximately 
416 B.T.U. value. 

As this gas would have no inerts in it, it would have 
greater utility value in and around the steel plant than 
those gases containing a large amount of atmospheric 
nitrogen and would obviate the necessity of preheating 
the gas in order to get high thermal efficiencies. It would 
permit transportation through pipe lines to greater dis- 
tances and would be subject to storage without losing 
any of its value. 

This gas would also be valuable for enriching low heat 
value gases now in use, such as blast furnace gas, so that 
at least a part of the blast furnace gas could be given a 
greater utility value when applied to processes not now 
using it. This would be particularly true in those plants 
where there is a surplus of such low heat value gas that. 


LOW TEMPERATURE DISTILLATION OF COAL—DITTO 247 


is not now utilized. It might also have value as an en- 
richer for blast furnace gas, where it is converted into 
power by the use of gas engines. 

With due consideration for the above stated possible 
applications, if the steel man was to speculate on where 
introduction could be first attempted in order to establish 
a practice that would determine its value to the industry, 
probably the point would be in those plants that have 
been built up in districts where natural gas has been 
available, but is now practically exhausted. If these 
plants were located adjacent to bituminous coals, due to 
the value that might be recovered from the by-products 
and credited to the cost of gas, a cheap substitute for 
natural gas might be obtained. This would be particu- 
larly valuable for those plants that are now finishing 
- steel rather than producing it. 

The process might be interesting in the future on the 
Mesabi Range, when it became necessary to utilize the 
taconite ores. Some of the coke mixed with a small 
percentage of bituminous coal added to the ore concen- 
trates and heated by the gas would produce a satisfactory 
sintered product. The value received from by-product 
oils and the surplus gas used for auxiliary power or 
domestic consumption in the community would reduce 
the cost of processing. 

An interesting observation that might be made here 
is that if it were possible to devolatilize all of the coal 
used around the steel plant, a large amount of atmos- 
pheric pollution could be eliminated. This would make 
for better living conditions in the large centers such as 
Pittsburgh, Chicago and Cleveland. 

In the recent report made for the Directors of the 
American Petroleum Institute, which includes a complete 
survey of the oil reserves of the United States, it is 
pointed out that, when occasion demands, 525,000,000,000 
barrels of recoverable oil could be obtained from our 
coal resources above the 3,000 ft. horizon by low tem- 
perature distillation. The oil production for the United 
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States for 1925 is estimated at 716 million barrels, or 
sufficient oil can be recovered by low temperature meth- 
ods to last over 700 years at the present rate of produc- 
tion, if all coal is treated. 

Disregarding the possibility of utilizing this means of 
treating coal in any particular industry or phase of life, 
the apparent facts would justify the necessary expendi- 
ture of money to work the method out on a commercial 
scale. The whole question is dependent upon the cost of 
processing the coal so that the products can be marketed 
for the price of raw coal plus the cost of operating the 
plants, plus a fair profit. 

If the above can be done, there is no question about its 
future and the markets will adjust themselves to the kind 
of raw material that is available in sufficient quantities 
to assure their permanency. Conservatists throughout 
the world have been pointing out for years the great 
economic loss resulting from not taking advantage of 
the knowledge we have of refining our raw material to 
a greater extent before it is consumed; and this is par- 
ticularly true with reference to the subject of coal in its 
raw state. 

There is great agitation in England today which has 
resulted in a partial subsidizing of the coal industry so 
that they can continue to operate their mines. Part of 
the plan advocated is to make it possible for the coal mine 
operator to recover the valuable oils and gas by one of 
these methods in order to offset the high cost of produc- 
ing coal, as a result of coal mining conditions, Wages 
have increased to such an extent that as the extremists 
point out, unless something of this kind is done, Eng- 
land’s coal industry will be ruined and she will no longer 
be able to compete for the world trade. ' 

Enthusiasts in this country claim that we are permit- 
ting a great economic loss by not devolatilizing every 
pound of coal that is used for the production of power, 
before it is burned. Inventors have been interested in 
this and many ingenious devices have been suggested, 
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and operated, to do this without making it necessary to 
change the existing equipment. 

While it is not possible, as stated before, to give accu- 
rate figures, there seems to be good reason to believe that 
plants of this character can be built for lower capital cost 
per ton of coal handled than other types of plants recov- 
ering by-products from coal. 

From data available it seems likely that no more than 
75e. per ton would be required for the processing costs; 
this, of course, depending upon the size of the plant and 

its location. 

As has been inferred before, it is difficult to now state 
what will be the best method of utilizing these processes, 
because of the influence from apparently unallied sub- 
jects. For instance, we are recently advised that the Ger- 
man government has subsidized a company to build a 
plant to liquefy coal by the Bergius Process. This is a 
treatment whereby coal is submitted in high pressure con- 
tainers to heat and pressure in the presence of hydrogen, | 
and it is claimed that 85% of the weight of the coal is 
converted into a liquid having the physical and chemical 
characteristics of petroleum oil. Another point influ- 
enced by late development is the fact that the value of the 
oil products from low temperature distillation, especially 
the fractions now useful for motor fuels, may be depre- 
ciated by improvements in automobile engine design and 
the ability to vaporize the heavier gravity petroleum oils 
so that they can be used in automobile engines. This 
would mean that it would no longer be necessary to have 
a light oil production for motor fuel. Therefore, the high 
priced light oil fractions of low temperature oils would 
have to follow the fuel value of petroleum products. 

It is a common expression that we are now entering 
into the Oil Age, the influence of which is being. felt in 
all human life and this, of course, is having a large influ- 
ence upon how we are going to utilize our coal resources 
in the future. 

In conclusion, I have only briefly indicated the possi- 
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bilities of the development work in this subject to date, 
but it must not be supposed that low temperature distilla- 
tion of coal is a panacea for all fuel problems as we are 
sometimes led to believe. The only thing we are certain 
of is that it will be of great practical value to the whole 
fuel industry if it can be worked out on a commercial 
basis. It is not our purpose to prophesy what the future 
may bring, but as a practical suggestion for those who 
wish to apply these methods, it will be well to keep in 
mind the various channels of development leading from 
other points into this subject and interpreting their influ- 
ence upon its possible applications. 
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Judge Gary called upon Mr. John A. Topping, Vice- 
President of the Institute, to take the chair. 


Tue Cuatrman (Mr. John A. Topping): The next 
paper, ‘‘Silicon Steel,’’ will be presented by Mr. W. E. 
Ruder of the General Electric Company, Schenectady, 
Neidy 


SILICON STEEL 
W. EK. Ruper 


Research Laboratory, General Electric Company, Schenectady, N. Y. 


As one of the most common and widely distributed ele- 
_ments found in nature, silicon has always been associated 

with the analysis of steels and its effect upon the proper- 
ties of steel, in the fractional percentages in which it is 
usually found therein, is so familiar to every steel man 
that it is hardly necessary to consider it at this time. It 
is only when this element is added or retained in some 
definite proportion that the product may be truly called 
an alloy steel in the accepted sense of the term, and it is 
to be so considered in the present discussion. 

As far back as 1885 Hopkinson! studied the magnetic 
and electrical properties of silicon alloys containing up 
to 3.4% silicon, and in 1896 Parshall? discussed the effect 
of 1% silicon upon the magnetic properties of steel, but 
no real interest was aroused in silicon steels until Had- 
field,? who in 1889 had published the results of his more 
complete investigation of the mechanical properties of.a 
series of silicon alloys, published in 1900 with Barrett 
and Brown? the results of tests on magnetic properties. 
While these did not show values any better than had been 
obtained on good unalloyed materials, the improvement 
over the basic materials was promising and this, combined 
with the high electrical resistivity, was quickly recog- 
nized as being a desirable combination of properties for a 
core material for electrical apparatus. Gumlich® of the 
German Reichsanstalt was one of the first to see the pos- 
sibilities in the Hadfield alloys and as a result commer- 
cial production of sheets was in full swing in Germany 
by the end of 1903. 
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In the United States the commercial production of 
sheets was also quickly established and one of the lead- 
ing electrical companies made its first silicon steel core 
transformer in 1904 and by 1905 the new core material 
was in regular production. In fact, the beneficial effect 
of small quantities of silicon had already been recognized 
in 1896 in this country as a cure for excessive ageing, and 
its use adopted by Mr. J. F. Kelley of the Stanley Elec- 
tric Company. 

Since the original work by Hadfield, a great deal of 
detailed study of the magnetic and mechanical properties 
of iron-silicon alloys has been carried out. The most 
careful work done in this field has been published by 
Gumlich* and Yensen.’ 


THE CONSTITUTION OF SILICON STEEL 

Silicon forms a solid solution with iron up to 20%, and 
the compounds FeSi (at about 34%) and FeSi, (at about 
50% ) have been demonstrated by X-ray spectra and dens- 
ity measurement methods. The most important effect of 
silicon in the critical points is the raising of the A, point 
and its disappearance at something near 2% Si, while 
the magnetic change point is gradually lowered from 740° 
C. at .11% Si to 670° C. for 4% Si. Carbon is retained in 
solution up to about .008% with silicon up to at least 5%. 
Carbon above .008% in annealed steel appears as pearlite 
and cementite up to 4% silicon and, with over 4% Si, as 
graphite. 


MercHaANICAL PROPERTIES 

Silicon steels are forgeable up to 7% of silicon, but the 
practical limit for steel rolling is around 5%, most manu- 
facturers preferring to keep below 4.5%. 

Silicon increases the tensile strength of pure iron from 
38,000 to 90,000 at 4.5% Si, and the yield point from 
15,000 to 70,000, in annealed samples. With more than 
4.5% Si the strength rapidly falls to about 10,000 Ibs. at 
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6%. The elongation (50%) and reduction of area (80%) 
are but slightly affected up to 2.5%. With higher silicon 
these values decrease rapidly. 

For carbon steels, properly heat treated, strength up 
to 300,000 Ibs. per sq. in. with a yield point of 294,000 
may be obtained. For use as springs a heat treated silico- 
manganese steel containing about .50% C, .50% Mn and 
from .5% to 2.2% Si is used. Such steels have a yield 
point of from 175,000 to 275,000 Ibs. per sq. in., with an 
elongation of from 5% to 3%. These steels are limited 
in their use by their low impact strength and are not used 
where high resistance to shock is required. 


Maenetic Uszs 

By far the greatest economic value of silicon steel has 
been in its use as a core material for electrical apparatus, 
particularly in transformers. Twenty-five years ago the 
best material available had a loss of over 134 watts per 
Ib. at 10,000 B and 60 cycles, and was very unstable. 
When freshly annealed it might have such a value, but 
if tested after a year’s service this value was frequently 
found to have doubled. With such limitations, the prog- 
ress made by the electrical industry today would have 
been impossible. Many attempts have been made to esti- 
mate the value of silicon steel in terms of savings in 
power, but anything like an accurate estimate is impos- 
sible. If we consider only the transformers made in the 
United States, and assume that only those made during 
the last 10 years are in service now, the saving in watt 
loss alone for 1925 due to the use of silicon steel comes 
to $15,000,000 per year, which yearly saving is being 
added to, at the present rate of transformer production, 
to the amount of approximately $3,000,000 per year. 
These figures do not take into consideration the large 
saving in material and construction expense over that re- 
quired to produce the same capacity in transformers with 
non-silicon cores. 

Transformers of over 50,000 KVA capacity are now 
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being built with silicon steel cores, but it is doubtful if 
machines of half this capacity would be practical without 
silicon steel, because of their bulk and weight. 

While the greatest usefulness of silicon steel has been 
in the construction of transformers, the last decade has 
witnessed a rapid growth in its use for motors and gen- 
erators, so that the production of ‘‘electrical sheets,’’ as 
they are now generally termed, has taken an important 
place in the steel business of the country. 


Macnetic PROPERTIES 


The first silicon steel produced in sheet form tested well 
over 1 watt per lb. (29 gauge, at 10,000 B and 60 cycles) 
and varied considerably in its quality. It was early rec- 
ognized that, in order to get the best magnetic results, 
impurities* must be reduced to the lowest practical mini- 
mum and that the steel must be clean and well made. It 
was also found that the grain size® and residual strain 
had an important effect upon the results. The applica- 
tion of improvements in quality of steel, analyses, an- 
nealing, and handling have resulted in a steady decrease 
in watt losses, so that today a large percentage of the 
silicon steel made in the United States tests well under .7 
watt per lb. (29 gauge, at 10,000 B and 60 cycles) and re- 
search work has produced sheets testing well under .5 
watts per lb.1° 

Yensen’ has shown that very small percentages of car- 
bon have a tremendous effect upon the hysteresis losses. 
He estimates that silicon steel with 008% C has eight 
times the hysteresis loss of the same alloy with .001% ©. 
While the possibility of producing this alloy with as low 
carbon even as .008% at a rate of 50,000 tons per year 
now seems rather remote, the reward for the practical 
production of such a new material makes any amount of 
effort worth while. 

The beneficial action of the silicon is due, first, to its 
pronounced effect upon the resistivity, which increases 
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11.4 microhms for every per cent of Si; second, to its 
effect in limiting the solubility of iron for carbon; and 
third, to its action in promoting grain growth. 

The increased resistance limits the eddy current, but 
the grain size, if too great or irregular, may reverse the 
beneficial action of high resistance" to a large extent, 
due to the difference in magnetic permeability of the dif- 
ferently oriented grains.!? 

The effect of silicon is not all on the credit side, how- 
ever, as it decreases the saturation value from B = 22,300 
_ for pure iron to B = 20,200 for 4% silicon and increases 

the brittleness of the alloy. In transformers this brittle- 
ness is not a serious handicap for the benefits far out- 
weigh the disadvantages. The only requirements for 
physical properties are that the material be soft enough 
to cut with a die without breaking. In rotating appara- 
tus, however, both of these factors are a decided disad- 
vantage. In many of these a portion of the steel is oper- 
ated at the saturation point, and any reduction means that 
Just so much more steel must be used to carry the flux. 
The item of mechanical strength and resistance to vibra- 
tion and shock must be considered in rotating apparatus 
and brittle material cannot be considered. 

For this reason it has become general practice to pro- 
duce several grades of electrical sheets which have been 
given various trade names by different manufacturers. 
By variation in analyses and selection, manufacturers are 
now making about six different grades. For our present 
purpose the following classification will suffice. 

(1) Generator Grade—Sheets containing from 14% to 
1% of silicon are used in machines where watt losses are 
of secondary importance to high magnetic saturation 
value. The low percentage of silicon is sufficient to limit 
the ageing. Sheets containing about 1% silicon are fre. 
quently classed by themselves under the general term of 
‘electrical sheets.’’ This term is, however, apt to be con- 
fusing on account of its general application to the entire 
class. 
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Watt losses in this grade vary from 1.75 to 1.25 watts 
per pound at 60 cycles and 10,000 B for 29 gauge sheets. 

(2) Motor Grade—Sheets containing from two to three 
per cent of silicon have in recent years come into wide 
use for alternating current motors and generators. This 
silicon content allows the minimum in watt loss, without 
danger from brittleness. 

(3) Transformer Sheets contain from three to four 
and one-half per cent silicon, depending upon the quality 
desired and the practice of the manufacturer. The lower 
percentages are sometimes used for low frequency (25 
cycles) apparatus. However, most transformers are 
made from sheets containing about 4% of silicon. Manu- 
facturers guaranteed losses for this grade range from 
75 to .98 watt per pound at 10,000 B and 60 eycles for 29 
gauge. +96 


THICKNEss OF SHEETS 

Magnetic loss, as expressed above, has two components, 
hysteresis loss and eddy current loss. The former de- 
creases slightly with the thickness of the sheet, while the 
latter increases with the square of the thickness. It is 
therefore necessary to make the sheets of such thickness 
that the eddy currents are at a minimum, consistent with 
a minimum hysteresis loss. In this country .014” is com- 
monly used for 60-cycle apparatus. In higher frequency 
apparatus, such as is used in radio, the eddy current 
losses predominate and sheets .003” and less are required. 


Erect or Puncuine Strains 

Hysteresis losses are particularly sensitive to mechan- 
ical strain so that a thorough anneal must be given to 
remove all of the strains imparted by rolling. This is 
usually done by the manufacturer and upon the thorough- 
ness and uniformity of this anneal much of the quality of 
his product depends. Before the steel can be used in elec- 
trical apparatus, however, it must be cut or punched into 
the required pattern and this operation introduces strains 
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which increase the losses and decrease the permeability 
of the steel. The only systematic study of the magnitude 
of this increase that has been published is that by Cole,'* 
who found that the increase in hysteresis is approxi- 
mately a linear function of the gauge. This increase in 
losses and decrease in permeability may, of course, be 
corrected by reannealing and this is usually done when 
the conditions require it. 


MecHANICAL ConpITION OF SHEETS 

It is of great importance to the user to get sheets which 
are perfectly flat. Owing to the hardness imparted by the 
silicon and the deleterious effect of strain in the sheet, 
the ordinary methods used by the sheet mill for produc- 
ing flat sheets for automobile or furniture purposes can- 
not be applied to electrical sheets, nevertheless the sheet 
must be free from cur] and waviness, for such defects 
seriously interfere with the production of true punchings 
and the shearing of long strips to the accurate dimensions 
required for good assembly. - 


ScaLz 

Freedom from loose or detachable scale is another item 
of importance to the user. With the higher silicon grades 
it is not possible to reduce the scale by gas annealing, 
consequently care must be taken to keep down the 
amount. Pickling has not been generally adopted in this 
country, as the scale has a certain value as an insulator 
between sheets. If too heavy, however, it cuts down the 
cross section of active material in the core and reduces 
the efficiency. If the scale is at all loose it becomes a men- 
ace, as it may get into the windings of the apparatus and 
cause a short circuit. 


TESTING 
The Epstein method, as adopted by the American So- 
ciety for Testing Materials A-34, is now almost univer- 
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sally used as a standard for core loss. This is in reality 
a standardized transformer with a removable core weigh- 
ing 10 kilograms (22 Ibs.) built of sheets sheared into 
strips 50 cm. (19 11/16”) by 3 em. (13/16”). Permeabil- 
ity tests are made on standard rings or with a perme- 
ameter conforming to certain fixed standards. 

It is to be noted, however, that invaluable as these tests 
are as a measure of the quality of the steel, their values, 
being for definite frequencies and densities, cannot be 
applied indiscriminately to all classes of electrical appa- 
ratus. Variation in density, frequency, and mechanical 
arrangement, may easily reverse a choice made on the 
basis of the Epstein test alone. 

The rapid increase in the growth of the electrical in- 
dustry and the prospects for its future development to- 
gether with the increasing necessity for conservation of 
energy all presage a large increase in the use of silicon 
sheets, for so far, although diligent search has been made, 
no substitute has been found. That the steel industry is 
aware of this is evidenced by the increase in the number 
of producers. Just as electricity has become indispensa- 
ble to our present-day civilization, so silicon steel has be- 
come indispensable to the electrical industry. 
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Tue Cuarrman (Mr. John A. Topping): Mr. Ruder’s 
very interesting paper will be discussed by Dr. John A. 
Mathews, Vice-President, Crucible Steel Company of 
America, New York, N. Y. 
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Discussion sy Jonn A. Maruews 


Vice-President, Crucible Steel Company of America, New York 


The author of this paper has presented in a very clear 
and concise way the metallurgical and magnetic proper- 
ties of silicon alloy steels, and not the least interesting 
part of the paper is that dealing with the economic value 
of these alloys to the users of electrical equipment. It 
is doubtful whether the value of any other alloy steel for 
a specific purpose could be estimated so definitely. . 

Mr. Ruder has modestly refrained from any direct 
mention of his own contributions to the metallurgy and 
technology of silicon steels, but has given full credit to 
other investigators. Many of us know that his studies 
of silicon steels have led to valuable practical results, and 
that we have been listening to an authority on this sub- 
ject. 

Under the heading ‘‘The Constitution of Silicon 
Steels,’’ the author refers briefly to the effect of silicon 
upon the condition in which the carbon exists and draws 
attention to the fact that even in very low carbon steels 
the presence of 4 per cent. of silicon causes the carbon to 
exist as graphite. It might be observed that with higher 
carbons a lesser amount will cause almost complete pre- 
cipitation of graphite upon annealing. This sometimes 
occurs in tool steels with silicon not over one-half of one 
per cent. Its effect in cast iron has had much study, but 
the exact conditions for causing a precipitation of graph- 
ite or temper carbon in high carbon steels have received 
but little attention. 

Under the heading ‘‘Mechanical Properties’ brief 
mention is made of the very high static properties con- 
ferred on medium carbon steels by silicon. So far as 
elastic limit and ultimate strength are concerned, they 
are not exceeded by the more unusual and expensive ele- 
ments, and considering their high elastic limit and hard- 
ness they show very good ductility. The speaker has seen 
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a 0.50 carbon silicon manganese steel treated to give 225,- 
000 Ibs. elastic limit and 450 Brinell hardness, that showed 
10 per cent. elongation in two inches and 45 per cent. re- 
duction of area. 

Mr. Ruder states these steels are limited in their use 
by their low impact strength. This seems to be a rather 
prevalent idea, and this belief seems to me in part to 
have inspired an investigation by E. W. Colbeck and D. 
Hanson of the National Physical Laboratory of Great 
Britain, for the Spring Steels Committee of the Depart- 
ment of Scientific and Industrial Research. That paper 
brings out the necessity for a high hardening tempera- 
ture to produce complete hardening; that is, complete 
martensitization and not martensite plus undissolved 
ferrite. It is my experience that when incomplete hard- 
ening occurs the physical properties are not what they 
should be. Underheating, as well as overheating, is a 
frequent cause of erratic results. 

I find very few figures available on the shock resistance 
of silico-manganese steels, but some years ago we made 
an investigation of several types of spring steels as influ- 
enced by low temperatures. Comparative Izod tests were 
made at 70°, 0° and —20° F. with six different types of 
steel, all properly hardened and tempered at 800°, 900° 
and 1000° F. Under these conditions silico-manganese 
showed three to eight times as much resistance to shock 
as a good carbon spring steel (1.0 per cent C.), but was 
somewhat lower than chrome-vanadium spring steel, 
though by no means would we consider it a brittle steel. 
The carbon steel was the only one in our series which 
seemed to be affected by the low temperature. A special 
type of silicon spring steel, containing between 3.0 and 
3.5 per cent. silicon, has been found particularly suitable 
for recoil springs for big guns, which would not be the 
case if it were particularly subject to shock brittleness. 

These steels haye had a much wider application abroad 
than at home as construction steels and have been used 
for crankshafts, constant mesh gears, axles, ete., as well 
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as for springs. They are the kind of steel a gentleman 
had in mind when he inquired for the most elastic limit 
he could get for five cents a pound. If given the proper 
hardening heat, they are very extraordinary steels in 
terms of cost but are not equal in all respects to the 
higher cost alloys, such as the better chromium-nickels. 

The writer does not like to see a good steel given a bad 
name, and welcomes this opportunity to clear up a mis- 
apprehension that is somewhat wide-spread in regard to 
silicon engineering structural steels. 


THe CHatrman (Mr. John A. Topping): The next 
paper, ‘‘ Recent Developments in Stainless Steel,’’ will 
be presented by Mr. Donald G. Clark, Eastern Manager, 
Firth-Sterling Steel Company, New York, N. Y. 


RECENT DEVELOPMENTS IN STAINLESS STEEL 


Donan G. CrarK 
Eastern Manager, Firth-Sterling Steel Company, New York 


When we read that the world’s production of iron and 
steel in the year 1924 approximated 60,000,000 tons, we 
picture mentally the new buildings, ships, railroad equip- 
ment, automobiles, machinery and other necessities which 
this enormous tonnage makes possible, and we feel a justi- 
fiable pride in the part our industry is taking in the prog- 
ress and welfare of mankind. But when we realize that 
probably one-fifth, or about ten to twelve million tons, of 
this product was used to replace the loss caused by cor- 
rosion, principally rust, we must admit that in addition to 
strength in steel we need what may be called permanence, 
or inherent resistance to rust and other forms of cor- 
rosion. 

For nearly 1500 years the Delhi Column in India has 
demonstrated the permanence of iron when almost pure, 
but pure iron lacks the structural strength of steel. 

Your Committee in selecting Stainless Steel for dis- 
cussion at this meeting very appropriately marked the 
tenth anniversary of Mr, Harry Brearley’s application 
for an American Patent on what he described as ‘‘an 
alloy of steel which is practically untarnishable when 
hardened.’’ About five years ago Mr. Elwood Haynes 
read to you a paper on ‘‘Stainless Steel?” which was ably 
discussed by Mr. John L. Cox and Dr. John A. Mathews 
and covered the development to that time. Progress dur- 
ing the past five years has been so rapid that our leading 
technical societies? have been devoting whole periods at 


*Year Book, American Iron and Steel Institute, 1921, p. 59. 
? American Institute of Mining & Metallurgical Engineers February, 1924; Ameri- 


can Society for Testing Materials, June, 1924; American Society for Steel Treating, 


September, 1924; American Chemical Society, April, 1925, 
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their annual meetings to symposia on corrosion-resistant 
steels and alloys. 

The selection of the word ‘‘stainless’’ to describe this 
type of steel may be considered fortunate, because almost 
all forms of corrosion begin with discolorization or stain- 
ing. ‘‘Stainless’’ is, therefore, an excellent name for a 
'non-rusting, corrosion-resisting and heat-resisting steel. 
Commercially the name ‘‘Stainless’’ has come to mean 
that group of steels which have a high chromium content, 
generally from 8% to 25% chromium, and this paper will 
be lmited to those steels within that range wherein 
chromium is the predominant alloy. 


History 


The use of chromium as an alloy to retard corrosion 
was first mentioned about 100 years ago, when Faraday 
in England (1820) made his experiments with alloys to 
retard oxidation and when Berthier in France (1822) re- 
corded that on adding a little chromium to iron he found 
the alloy was ‘‘much less easily attacked by acids.’’ Then 
for ninety years, while the fact that chromium is a cor- 
rosion-resisting alloy was recognized by metallurgists, 
little practical use was made of the knowledge. As late 
as 1911 a paper before The Iron and Steel Institute of 
London, commenting on experiments made by Sir Robert 
Hadfield, the eminent British metallurgist, pointed out 
that the addition of chromium up to about 9% seemed to 
impart increasing resistivity, but that beyond about 
914% its value in this respect seemed to decrease. 

Mr. Brearley’s discovery of the value of the higher 
percentages of chromium marked the end of a century 
of almost fruitless effort, for it proved that steel could be 
made which combined the strength, hardness, resiliency 
and toughness of fine steel with a greater resistance to 
corrosion than had previously been found in the softer 
metals such as aluminum, copper and zine. It indicated 
that the enormous loss of steel and iron by rust and cor- 
rosion could be stopped. Intensive research work here 
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and abroad during the past five years has resulted in the 
development of many alloys of merit and in great redue- 
tions in the cost of making all types of stainless steel. 

The high cost of making and marketing has retarded 
the development, but the regular stainless steels, which 
sold at $2,000 a ton five years ago, are now sold at about 
$800 a ton, and some cheaper modifications have sold as 
low as $400 a ton. 

While Mr. Harry Brearley, who was then in charge of 
the laboratories of Thos. Firth & Sons, Limited, Sheffield, 
England, is recognized as the inventor of stainless steel, 
and was without doubt the first to make practical use of 
stainless steel, it is important that a share of the credit 
be given the late Mr. Elwood Haynes of Kokomo, Indiana. 
He is better known as a pioneer in the automobile field, 
but it is probable that in the future his work in the devel- 
cpment of non-rusting or corrosion-resisting steel may 
be looked upon as his greatest contribution to industry. 
Working entirely independently of Mr. Brearley, Mr. 
Haynes proved the value of chromium in high percent- 
ages. He and Brearley applied for patents in the same 
year. Both were granted. Recently an Appellate Court 
decision defined Haynes’ as the generic and Brearley’s 
the specific patent covering this type of steel. 


Patents 


The patent situation has had an important bearing on 
the recent development of stainless steel, and should, 
therefore, be included in a discussion of the various types 
that have appeared under the name of stainless steel. The 
way in which the chrome-carbon field is covered is illus- 
trated graphically in Fig. 1. 

Harry Brearley, Sheffield, England, was granted an 
American Patent® in 1916, covering hardened and _pol- 
ished articles manufactured from a ferrous alloy contain- 
ing from 9% to 16% chromium and carbon in quantities 


*U. S. Patent No. 1,197,256, granted September 5, 1916. 
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less than .70%. He discovered that heat treatment of 
high chromium steels produced stainlessness or perma- 
nent resistance to ordinary corrosive agencies in domes- 
tic use, but in addition he pointed out that the heat treat- 
ment must be such that the finished articles contain no 
microscopically discernible free carbides. This marked 
the beginning of the development of the present steels. 
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Fig. 1—Chart showing patents on chromium-carbon steels and 
extent of field covered by these patents. 


As Mr. Brearley was associated with Thos. Firth & 
Sons, Limited, of Sheffield, England, and they in turn 
were associated with the Firth-Sterling Steel Company 
at McKeesport, Pa., the latter company became the first 
manufacturer of stainless steel in this country under the 
Brearley patent. In connection with research work at 
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McKeesport, Pa., the material now known as ‘‘stainless 
iron’’ was first made about the same time. 

Elwood Haynes of Kokomo, Indiana, applied for a 
patent* in the same year as Mr. Brearley, but the patent 
was not granted until 1919. His patent covers chromium 
from 8% to 60% and carbon from 10% to 1%. This, 
of course, included part of the field covered by Mr. Brear- 
ley, but since the Brearley invention had to do with a 
hardened and polished article and Mr. Haynes’ covered 
the use of chromium without heat treatment as a preven- 
tative of corrosion, the patents were held to be non-inter- 
fering. 
~ In 1920 a.patent® was granted to John L. Cox of Phila- 
delphia, Pa., associated with the Midvale Steel & Ord- 
nance Company, covering the chromium steel alloys con- 
taining from 20% to 60% of chromium and from 1% 
to 1.50% carbon. 

Another patent®, although for a tool steel and not called 
stainless or corrosion-resisting steel, was granted in 1916 
to Roger H. Patch and Radclyffe Furness, also associated 
with the Midvale Steel & Ordnance Company. The field 
covered by this patent includes chromium from 15% to 
20%, carbon from 1% to 2%. 

The Brearley, Haynes, Cox and Patch patents were all 
acquired in time by the American Stainless Steel Com- 
pany of Pittsburgh, Pa., which is a patent holding com- 
pany and has licensed sixteen American steel makers to 
manufacture stainless steel and non-corrosive steels 
under this group of patents. 

In 1919 and 1923 patents’ were granted to P. A. E. 
Armstrong, then associated with the Ludlum Steel Com- 
pany, which now holds the patents, covering the use of 
silicon from .5% to 8% by weight in chromium-carbon 
steels containing from 3% to 50% chromium. He claimed 


*Patent No. 1,229,404, granted April 1, 1919, 

5No. 1,833,654, March 16, 1920. 

®No. 1,206,902, December 5, 1916, 

™No. 1,322,511, November 25, 1919; No. 1,456,088, May 22, 1923. 
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the use of silicon improved chromium steels, making them 
more valuable for certain purposes to be discussed later. 

In 1924 Berton H. de Long and Frank R. Palmer of 
the Carpenter Steel Company were granted a patent® on 
the addition of from 5% to 10% copper to the whole 
range of chromium-carbon steels from 8% to 60% chro- 
mium and .05% to 3.50% carbon. The addition of copper 
is claimed to make the compositions more malleable and 
to overcome certain disadvantages incident to the use of 
chromium. 


In 1922 patents® were granted Dr. C. M. Johnson, as- 
sociated with the Crucible Steel Company of America, 
covering a composition of chromium, nickel and silicon 
wherein the limits were chromium 10% to 20%, nickel 
9% to 25%, silicon 1% to 10% ; but in a subsequent appli- 
cation he stated that steel of the above type, where the 
nickel and chromium contents were evenly balanced, was 
somewhat difficult to machine and he was granted a sec- 
ond patent covering a nickel content double the chromium 
content and changing the limits to chromium 6% to 18%, 
nickel 12% to 36%, silicon 1% to 10%. In such a compo- 
sition the physical properties become more like the non- 
ferrous alloys, although in this particular group the ma- 
terial is called a steel since it contains ‘‘at least 50% 
iron’’ and .30% to 1% carbon. The predominance of 
nickel places this alloy outside the scope of this paper, 
which is limited, as stated above, to steel wherein chro- 
mium is the element used to secure corrosion-resisting 
properties. 

The patents granted in 1919 and 1920 to Dr. Benno 
Strauss! of the Krupp organization (Essen, Germany) 
fall in about the same class as the Johnson patents since 
the nickel content is relatively high. 

Other patents—The public interest in conservation and 


8No, 1,489,429, April 8, 1924. 

°Patents No. 1,420,707, June 27, 1922; No, 1,420,708, June 27, 1922; (See 
also 1,342,913, June 8, 1920). 

10Benno Strauss, Assignor by Mesne Assignments to The Chemical Foundation, 
Inc.: Patent No. 1,316,817, September 23, 1919; Patent No. 1,339,378, May 4, 1920. 
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the prevention of waste together with the publicity given 
stainless steel has led to experiments with nearly all of 
the alloys commonly used in steel making. Several pat- 
ents have been granted to cover compositions of limited 
application, wherein elements like cobalt,!* tungsten, 
molybdenum,’ manganese,’* copper, nickel,!4 aluminum 
and titanium’ are used to supplement the chromium 
content, or as a substitute for a part of it, but nothing 
has developed commercially which excels the original 
stainless steels for general use. 


PROCESSES 


When stainless steel was first produced Mr. Brearley 
expressed a preference for the use of the electric are 
melting furnace. All American manufacturers of stain- 
less steel, so far as I can learn, are using this type. The 
process is the same as followed in the production of 
nearly all alloy steels. For stainless steel the charge is 
made up of high chrome steel scrap, low carbon melting 
stock and low carbon ferro-chromium. 

The use of large amounts of chromium in combination 
with very low carbon requires the use of what is known 
as ‘‘carbon-free’’ ferro-chrome. This at first was diffi- 
cult to secure and very expensive, but at the present time 
an ample supply is available, although the price is still 
about three times that of ordinary ferro-chrome. 

High percentages of chromium make steel difficult to 
handle and skillful technique in manipulation from the 
melting to the final inspection is quickly reflected in the 
‘recovery’? as well as the quality of the steel. 

In connection with the increased use of chromium in 
this and other alloy steels, it may be noted that the avail 
uble supply of ore seems ample for any possible need. In 


addition to the more accessible deposits in America, Cuba, 


11Elwood Haynes, Patent No. 1,150,113, August 17, 1915. 

 Alvah W. Clement, Patent No. 1,375,081, April 19, 1921. 

6H. M. Beckett, Patent No. 1,333,151, March 9, 1920; see also No. 1,454,464 
May 8, 1923, and No. 1,245,552, November 6, 1917. : : 

“Pierre Girin, Patent No. 1,422,096, July 11, 1922, 

iW. H. Smith, Patent No. 1,508,032, September 9, 1924. 
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Turkey and India, there are in remote places like New 
Caledonia and Rhodesia deposits of excellent quality. 

Efforts have been made to introduce chromium direct 
to the melt from the ore by various processes. While 
much excellent work has been done toward the develop- 
ment of this method, there seems to be need of much more 
before it can be adopted for regular commercial produc- 
tion. 

Neither the crucible nor the open-hearth processes 
seem suitable for melting this type of steel. 


Typrs oF STAINLESS STEEL 
The original composition selected as typical, namely, 

13% chrome and .30% carbon, is still the standard type 
for cutlery, dies, machine parts and other purposes where 
the maximum resistivity, hardness and resiliency are re- 
quired. Various modifications have been made to im- 
prove certain properties or overcome certain limitations 
of this standard type. While the technical societies which 
are endeavoring to standardize steels and nomenclature 
have decided that the time has not yet arrived to classify 
corrosion-resisting alloys, I believe for the purpose of 
this paper those which are included under the name 
Stainless Steel may be divided in a broad way into the 
following types: 

(a) Standard Cutlery Type. 

(b) Hard Cutlery Type. 

(c) High Carbon Type. 

(d) Soft Steel Type. 

(e) Stainless Iron Type. 

(f) Valve Type. 

(g) Nickel Type. 

(h) Copper Type. 
These fall in the chrome-carbon field as indicated in 
Fig. 2. 

Stranparp Cutiery Type (‘‘Typr A’’) 

Composition—The usual composition of this type is 

chromium 11.5% to 14.5%, carbon .25% to .40% with all - 
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other elements the same as are found in high grade steels 
like carbon tool steels. In some instances the forging or 
rolling heat is sufficient to set up a stainless condition in 
the steel, but this is not dependable and is removed by the 
annealing. It is therefore necessary to heat treat all of 
this type of stainless steel, producing a homogeneous ma- 
terial, to secure a stainless condition. After heat treat- 
ment the surface of the article must be removed by grind- 
ing, pickling or other process which will leave it entirely 
free from scale. A minute particle of scale left in the 


te 107 15% 20% 25% 309 
"a : CHROMIUM , : z 


Fig. 2—Chart showing location in the chrome-carbon field 
of the various types of stainless steels, 


surface will form a point where corrosion can start and 
spread gradually over the piece. 

Theories of Corrosion—It is beyond the scope of this 
paper to discuss the theories of corrosion which have oc- 
cupied the attention of chemists and metallurgists for 
years. We may safely assume that the electrochemical 
theory of corrosion is tenable and on this assumption it 
is obvious that any foreign substance, particularly of a 
metallic nature, left in the surface will start corrosion 
under certain atmospheric or submerged conditions. If, 
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furthermore, we accept the theory that chromium steels 
are resistant to corrosion because of an extremely thin 
transparent film of resistant oxide which forms quickly 
cn an exposed clean surface, it is again obvious that a 
foreign substance buried in the surface below the pro- 
tecting film leaves the metal open to attack at that point. 
However, when it has been properly heat treated and the 
surface brought to a good finish or polish, there is reason 
to believe that articles of stainless steel have a perma- 
neney beyond that of any of the metals other than lead, 
platinum and alloys of rare metals. 

Cutlery made ten years ago, and in constant service 
since, still retains the smooth, bright, original surface. 
Pieces exposed to the atmosphere year after year, when 
washed with soap and water to remove dirt deposited 
upon them, are found to have retained an unstained sur- 
face. Turbine blades after years of use are found to 
have the original surface undiscolored. Enough time has 
now passed since the first stainless steel was made to say 
that it has stood the test of time. 

Tests—Accelerated tests of stainlessness have been 
devised. Some use concentrated mixtures of fruit juices, 
vinegar, or acetic acid. Others use solutions of copper 
sulphate acidified with sulphuric or oxalic acid to 
hasten the corrosive action, which takes place in a few 
minutes. Our Navy Department has naturally favored 
the salt spray test, which is very severe. These tests 
have hastened the development and brought improve- 
ments in both heat treatment and steel making, so that 
one may know in advance that stainless steel articles are 
proof against all ordinary domestic agencies of rust, 
stain and corrosion. 

Applications in the Home—Stainless steel in various 
types is not only suitable for cutlery, but has great labor- 
saving possibilities in household hardware, fixtures, re- 
flectors, plumbing and bath-room fittings, cooking uten- 
sils, parts of refrigerators, washing machines and stoves, 
fireplace fixtures, parts of pianos, phonographs, radio 
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equipment and other places where metal is used and 
where it must now be seoured or painted to protect it 
against the displeasing appearance and destructive effect 
of rust or other corrosion. 

In industry and transportation the exposure and re- 
quirements are so varied that efforts to apply corrosion- 
resisting metal have led to modifications of the original 
‘“Type A’’ Stainless Steel. This original type, however, 
in its hardened and polished condition is still used for 
all those purposes where a maximum degree of combined 
hardness, strength and permanence or resistivity is re- 
quired, or where a cutting edge or wearing surface is 
necessary. 

Its applications in manufacturing and commerce are 
too numerous to mention here, except in general groups, 
but specific applications will suggest themselves as we 
consider the characteristics or properties of this type of 
steel. It was first used for cutlery and that industry is 
today the largest consumer of this type, but on railroads, 
ships, aeroplanes and automobiles it is used for parts 
where resistance to wear as well as rust is desired. In 
the paper, glass, chemical and canning industries, and 
in fact in all handling of food products,!® there are many 
parts of machinery, dies, molds, knives, ete., where this 
type with its remarkable balance of hardness and stain- 
lessness is used. 


PHysiIcau PROPERTIES 


The physical properties of stainless steel are such that 
it would be used for many purposes even though it had 
no corrosion-resisting properties. 

The tensile properties are indicated in Table A, show- 
ing a typical range secured by oil quenching this type 
from a temperature of 1825° F., and then reheating to 
the indicated temperatures. 

It will be noted that a tensile strength well over 200,000 


16TIn connection with food roducts it is interesti i 
Pa Pp 18 interesting to note that stainless steel 
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TABLE A—TENSILE PROPERTIES OF TYPE A STAINLESS STEEL 
13.00 % Chromium 


Oil quenched at 1825 deg. Fahr. 


Drawn 
at 
530 
600 
650 
700 
750 
800 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 ~ 
1500 
Ann’d 


0.30% Carbon 


Yield P. 
Lbs. sq.in. 
217,330 
206,330 
202,330 
205,080 
209,250 
208,330 
207,000 
208,000 
203,510 
195,510 
191,450 
170,560 
145,140 
131,670 
125,360 
121,150 
113,760 
103,900 
104,040 
114,140 

65,000 


Ten. Str. 


Lbs. sq. in. 


248,670 
238,720 
241,330 
229,330 
245,500 
247,750 
243,520 
244,670 
258,770 
250,270 
225,060 
197,180 
174,860 
159,280 
150,680 
146,800 
140,660 
130,970 
137,860 
159,970 

99,950 


Drawn as indicated 


% in 2” R.A. % B.N.No. Fracture 


Elong. 
1.5 4.0 
1.5 3.0 
1.5 2.5 
1.5 1.5 
1.5 2.5 
5.0 20.0 
7.0 19.0 
8.5 25.5 
8.3 19.5 
6.6 15.9 
7.4 32.0. 
10.2 32.7 
9.9 31.6 
DART, 37.9 
12.2 39.2 
12.4 40.5 
13.4 43.5 
14.4 45.8 
12.8 39.5 
12.4 34.0 
27.0 58.7 


475 
470 
470 
470 
470 
460 
460 
460 
480 
460 


425 


375 
375 
335 
325 
315 
305 
285 
305 
340 
175 


Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Flat 
Mat 
Flat 
Flat 
Starry 
Starry 
Starry 


\’ Starry 


Starry 
Starry 
Starry 
Cupped 
Starry 
Starry 


pounds may be obtained without difficulty and may be 
modified by drawing to meet requirements in the way of 
hardness and ductility. The effect of heat treatment is 
also graphically illustrated in Fig. 3. 

Some of the other properties of ‘‘Type A’’ Stainiess 
Steel are: Modulus of elasticity slightly over 30,000,000 
Ibs. per sq. in.; Specific gravity 7.75 or a little less than 
carbon steel; Melting point about 2750° F.; Coefficient 
of expansion is indicated in Table B™ and is enough less 
than that of ordinary steel to be a distinct advantage in 
machine construction where heat is a factor. 


TABLE B—-COEFFICIENTS OF EXPANSION OF STAINLESS STEEL; 


AVERAGE COEFFICIENTS OF EXPANSION 


Temperature Range 


20 to 
20 to 
200 to 
400 to 
600 to 
20 to 


100 degrees 
200 degrees 
400 degrees 
600 degrees 
800 degrees 
600 degrees 


Cent. 
Cent. 
Cent. 
Cent. 
Cent. 
Cent. 


Hardened 


.0000099 
-0000098 
-0000099 
.0000138 
.0000134 
.0000112 


Annealed 


.0000103 
.0000107 
.0000123 
.0000133 
.0000136 
.0000121 


Taken from U. §. Bureau of Standards, “Scientific Paper No. 426.” 
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Thermal conductivity is only about one-third that of 
iron (or .0334 C.G.S. units), a valuable feature in retain- 
ing heat, although it retards heat treatment. 

Electrical conductivity of stainless steel is only about 
one-sixth that of iron or about one-fortieth that of cop- 
per, making it a poor medium for transmission, but not 
sufficiently resistant for heating units. 

Its magnetic properties do not compare favorably with 
tungsten and chrome magnet steels, but fairly good mag- 


40 : 
SCALING TESTS 
35 Specimens heated at temperature 
stated & weighed every 24 hours 
After removing scale 
30 S — Stainless Steel. 


HS__ High Speed 

ANE Nickel Chrome, 
25 N— 25% Nickel. 

VNU 5% « 


A — 34 Carbon Steel. 


16 


10 


PERCENTAGE LOSS OF WEIGHT 


+ 


Hours 24 48 12 % | 120 144; «168 1192 


L__§7 hour: A6 hours_,|, _46 hours 23 hours 
1300°F 33°F, 1380°F,/1480°F 1480°F{520' F152 
1560°F, 
Time and Temperature 


Fig. 4—Scaling tests on various kinds of steel. 


nets can be made from stainless steel for purposes where 
resistance to corrosion is necessary. 


REsIsTaANcE TO HxEat 
Scaling at high temperatures—As the temperature of 
ordinary steel rises, the surface oxidizes into a scale of 
measurable thickness, and even at a low red heat the 
thickness of the scale increases with time. Stainless steel 
behaves quite differently. 
Up to a temperature of about 1480° F. the gloss sur- 
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face, due to polishing and hot tinting, is permanent and 
the specimen neither gains nor loses appreciably in 
weight. Its comparative value in this respect is illus- 
trated in Fig. 4,!* which records the percentage loss in 
weight of various steels after exposure for many hours 
at temperatures above red heat. 

Tensile properties at high temperature—Stainless 
steel retains its strength with increasing temperatures 
to a remarkable extent, being exceeded in this important 
property only by high speed steel, which is considerably 
more brittle at the elevated temperatures. A table show- 
ing the comparative values of structural carbon steel and 


stainless steel when tested at high temperatures is given 
in Table C. 


TABLE C—EFFECT OF HIGH TEMPERATURES UPON TENSILE PROPERTIES 
OF TYPE A STAINLESS STEEL 


Hardened Stainless Steel Normalized Structural Steel 
Temp. of Ten. Str. Elong. R.A. Ten. Str. Elong. R. A. 
tests Lbs. sq. in. % in 2” % Lbs. sq. in. % in 2” % 

575 F 242,592 8.8 13.0 72,000 23.2 55.8 
750 F. 227,360 4.0 6.6 55,448 37.2 68.5 
930 F 194,880 8.8 27.5 44,800 38.0 73.0 
1100 F. 71,680 19.2 70.1 28,000 48.0 86.0 
1300 F, 31,360 32.8 72.8 16,232 56.0 93.0 


Heat TREATMENT 


In the heat treating and handling of Stainless Steel to 
secure indicated physical properties and stainlessness 
certain peculiarities should be noted. 

The forging properties. of stainless steel resemble high 
speed steel. Stainless steel does not heat readily and it 
should remain in the furnace at low temperatures for a 
long period of time preliminary to heating to a tempera- 
ture of 1700° to 2000° F. at which it can be forged with- 
out danger of rupture. 

Normalizing of stainless steel, as with any other air- 
hardening steel, is impossible, since the range for harden- 
ing and that of normalizing are almost identical. 


From Thos, Firth & Scns, Ltd. 
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Annealing to put the steel in the best condition for 
machining is accomplished by holding at a temperature 
of 1350° to 1400° F. for some time and then allowing it 
to cool slowly.?® 

Hardening” of stainless steel is of the utmost impor- 
tance; it requires a heat of 1750° to 1950° F. to give the 
best results. The effect of the hardening heats on hard- 
ness and resistance to corrosion is illustrated in Table D. 


TABLE D—COMPARATIVE RESISTANCE TO STAIN WHEN HARDENED 
AT VARIOUS TEMPERATURES 


Samples 1144 inches round by 1 ineh thick—Type A Stainless Steel 


Temperature 10% 3314% 5% 
degrees Fahr. Brinell Seler. *CuSO,4 t Nitric tAcetie 
O. Q. 1500 340 56 50 90 50 
O. Q. 1550 360 60 75 90 50 
O. Q. 1600 440 70 85 90 50 
O. Q. 1650 470 1 90 ; 90 ' 85 
O. Q. 1700 485 78 90 90 85 
©. Q. 1750 525 80 95 95 85 
O. Q. 1800 550 83 95 95 90 
O. Q. 1850 600 86 95 100 95 
O. Q. 1900 615 87 100 100 95 
O. Q. 1950 615 87 100 100 95 
O. Q. 2000 615 87 100 100 100 
O. Q. 2050 560 84 100 100 100 
Q. 2100 560 84 100 100 100 


The above figures on corrosion have been estimated by the appearance of 
the stains resulting from the application of the various reagents. They 
denote approximately the comparative efficiency in per cent. *CuSOy, 
reacted six minutes. tNitric reacted two minutes. {Acetic dried on. 


Tempering—Strains set up in the hardening operation 
should be relieved by reheating or drawing the temper. 
As indicated in Table E a temperature of from 500° to 
900° F. does not materially affect the other properties 
but relieves stresses or strains. 


19 Annealed stainless steel shows a uniformly sorbitic structure, although some- 
times crystals of a complex chromiferrous ferrite segregate themselves, 


20There has been considerable discussion and controversy regarding the micro- 
structure of hardened stainless steel. Some authorities claim that no free carbides 
exist, but the writer is of the opinion that it all depends upon the hardening tempera- 
ture used to effect the solution of the carbides. Hardened at 1700° F. the steel will 
show a martensitic structure with numerous globules of double carbides of iron .and 
chromium present. When quenched in the vicinity of 1950° F. no free carbides are 
present, the whole structure being of a purely martensitic nature. When the tempera- 
ture of quenching is raised still higher, an austenitic structure results, and further 
complications are presented. An interesting and unusual phenomenon is associated 
with this particular form of austenite. Although in the normal state it is comparatively 
soft, drawing has the effect of reducing it back to martensite, at the same time 
producing the characteristic hardness of the latter.” (O. K. Parmiter, Metallurgist, 
Firth-Sterling Steel Company, in Transactions, A. S. S. T.—September, 1924.) 
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TABLE E—EFFECT OF TEMPERING ON HARDNESS AND RESISTANCE TO STAIN 
Samples 114 inches round by 1 inch thick of Type A Stainless Steel 
Oil quenched 1825° F. Drawn as indicated 


Drawn at Brinell Seler. *CuSO,4 t Nitric tAcetie 
Not drawn 600 86 100 100 100 
400° F. 590 86 100 100 100 
500 600 86 100 100 100 
600 590 85 100 100 100 
700 590 Soe 100 100 100 
800 590 85 100 100 100 
900 550 83 95 100 95 
950 500 78 95 100 90 
1000 475 76 95 100 90 
1050 450 73 90 100 90 
1100 400 67 85 100 90 
1150 arp 64 80 100 90 
1200 350 61 70 95 85 
1250 325 a7 65 95 (eas 
1300 15 52 60 95 85 
1400 o1D 48 50 95 85 
1500 325 57 25 90 80 
Annld. 185 32 25 90 75 


The above figures on corrosion have been estimated by the appearance of 
the stains resulting from the application of the various reagents. They 
denote approximately the comparative efficiency in per cent. *CuSO, 
reacted six minutes. tNitrie reacted two minutes. tAcetiec dried on. 


Since stainless steel resists to a surprising degree the 
discolorization at high temperatures, the method of draw- 
ing the temper by color cannot be followed safely in heat 
treating stainless steel. In a general way, twice as much 
heat is required to produce a color such as purple or blue 
on a piece of stainless steel as is required to similarly 
color ordinary carbon steels. 

The welding of stainless steel can be successfully ac- 
complished by the electrical contact or fusion method per- 
mitting its union to soft steel. Stainless steel apparently 
cannot be satisfactorily welded by the ordinary methods 
followed in the forge shop. The acetylene torch has very 
little effect on the steel and cuts it with difficulty. 

In the brazing and soldering of stainless steel the fluxes 
ordinarily used in these operations must be modified to 
properly prepare the surface for metal contact. 

Case hardening of stainless irons and steels is not feas- 
ible because the introduction of the hardening element 
tends to destroy their rustless and stainless character- 
istics. 
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Forms manufactured—‘‘Type A’’ or Standard Stain- 
less Steel is manufactured commercially in the form of 
bars of all usual sizes and shapes, strips, sheets, rods and 
wire. Some mills also supply heat-treated bar stock which 
is machinable, has excellent physical properties and is 
stainless without further treatment. 


Harp Cutitery Type (‘‘Typr B’’) 

In an effort to secure a greater degree of hardness and 
to find a cutlery steel outside the, Brearley Patent range, 
_a type of cutlery steel known as ‘‘Type B’’ was devel- 

oped. It includes the chrome-carbon compositions be- 
tween 16% and 20% chromium and .60% and 1.10% 
carbon. Some of the steels carry both chromium and 
earbon to much higher percentages but a balance of 20:1 
in the low carbons, and 15:1 in the higher carbons must 
be maintained. In the opinion of a few manufacturers 
this type of cutlery steel has the advantage of taking a 
high polish, giving a somewhat harder cutting edge and 
showing a greater resistance to wear than the standard 
type. This type has, however, the offsetting disadvan- 
tages of being considerably harder to work in forging, 
machining and grinding and is somewhat more difficult 
to heat treat than the regular quality. The physical prop- 
erties of this type are similar to those of the Standard 
Type, so that at the present time it is not known to have 
any particular value outside of the limited cutlery field 
mentioned. As will be noted on Figure 2, this type is 
not yet well defined. 


Hicu Carson Type 

To meet the requirements of another limited field such 
as dental tools, surgical instruments, bearings and other 
purposes where a certain amount of stainlessness may 
advantageously be sacrificed for greater hardness, a high 
earbon type of stainless steel has been developed con- 
taining the regular 12% to 14% chromium but a high 
carbon content around .70% to .80%. This material hard- 
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ens extremely hard and holds a slightly better edge than 
regular types of stainless steel, but is not as resistant to 
rust or to the corrosive action of some disinfectants as 
the standard types. It is a compromise between razor 
steel and stainless cutlery steel and has a very limited 
application. 


Sort STEEL Tyre 
In the chrome-carbon field there are compositions which 
contain from 11% to 15% chromium and .15% to .25% 
carbon and fall between the ‘‘Type A’’ stainless steel 
which requires heat treatment and the stainless iron type 
which is stainless without heat treatment. The steels in 
this intermediate field require a heat treatment to make 
them stainless, but after heat treatment are not too hard 
to be machinable. This type has been used in Europe for 
machinery parts and similar purposes, but in this coun- 
try has not been used to any extent, as it has no particu- 
lar advantage over the ‘‘Type A’’ steel in what is known 
as the heat treated or particularly annealed form. This 
latter material is machinable and also stainless. It has 
better physical properties than the .15 to .25 carbon 
material, which has rather arbitrarily been called a mild 

steel type for want of a better name. 


SrTainuess [ron Type 

Composition—Owing to the density and hardness of 
stainless steel of the original type, efforts were made at 
an early date to modify it so that it would not require 
heat treatment and so that it could be more readily used 
as raw material in the manufacture of forged, stamped, 
pressed and machined articles for those purposes in 
industry, commerce and personal use where extreme 
strength is not required but resistance to corrosion is 
desirable. 

The development of this type was retarded because of 
the difficulty in introducing chromium in the steel and 
maintaining a low carbon, but improvements in methods 
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have made possible the manufacture of a composition 
containing from 10% to 19% chromium and having a 
carbon content of 12% or less. This material is soft, 
malleable, can be cold worked without great difficulty, and 
while much stronger it resembles wrought iron in many 
ways. Therefore, in selecting a name for this type it has 
been called ‘‘Stainless Iron,”’ although it is in reality an 
extremely low carbon form of steel, since it is manufac- 
tured by melting in electric furnaces. It has almost the 
same resistance to corrosion as heat treated stainless 
steel and while heat treatment is not necessary to pro- 
‘duce stainlessness the physical properties of the iron 
may be greatly improved by heat treatment. 

For turbine blades the stainless iron type, carefully 
heat treated, has proven superior to stainless steel and 
it is possible to procure bar steel of the stainless iron 
type, having guaranteed physical properties which meet 
the Government’s requirements indicated in the following 
table: 


PuysicaL Properties oF STaInuess [Ron 
FoR TuRBINE BLADES 


TST Cape chelates severe hale Be © te ical a leniesaunvePaoove-d Over 60,000 Ibs per sq. in. 
VOI O(OgSt rn Bit reer, AS Ai ee Over 80,000 ‘¢ ye 
Grr SMe StRON OEMs Ate cia ol okens'a science lanes eae e euelornie iets Over 100,000 ‘ ee 
NOUBA OM SF. Oe le cpeuestio tenet ayolcroxnynie piotoeneve wines Byeae Over 20% 

PCGITE HVONMOIMAT CALE le ose citortie ve ousrers ecto b About 65% 

LESAIRVa Sen a Bbc OR cabs > ARO c cet See ere eae ean ee About 230 BN 

ZEN CMRTTER 9 CUMM sal ney oe eG eer ae ac indo, Alan s'y (ata,fe reac ei evstnd Over 50 Ft. Lbs. 
IMPACTING SPEGPET LLCS: 2 sc. mite) a loo oils 0-9: 5) 216 p0ici0,00 4 Good 


An interesting sidelight on the peculiarities of stain- 
less iron is illustrated in the difference between propor- 
tional limit and yield point on material for turbine blades. 
The nickel steel which is used in high speed turbines has 
® proportional limit and yield point which are almost 
identical, but when stainless iron was tested, using the 
extensometer method, it was discovered to have a curve 
with the proportional limit far below the yield point as 
indicated in Curves A and B of Fig. 5. 

Heat treatments have been perfected to secure the high 


. 
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proportional limits indicated in Curves C and D, which 
meet the turbine requirements very satisfactorily. 
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Fig. 5—Proportional limit of stainless iron before and after heat treatment, 


Subsequent heating such as occurs in operation has 
almost no effect, as is indicated in Figs. 6 and 7.* 

The oldest installations have now been in operation for 
several years and while only a few turbines have been 


{From J. 2, Lessels, Westinghouse Blectric & 3 facturi sad 
Aen Ansarene nghous ectric anufacturing Co., in Trans., 
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equipped with stainless iron in this country, various types 
of stainless steel have been extensively used in England 
end on the Continent of Europe. 

Cold rolled stainless iron is commercially rolled as thin 
as .020” and experimentally to .007”. It has not been 
made as soft as ordinary cold rolled strip steel, but is 
sufficiently soft in the bright finished condition to be 
blanked or stamped into articles where deep drawing or 
sharp bends are not required. American cold rolling 
mills have made rapid progress in the past two years in 
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Fig. 6—Effect of temperature on elastic properties of 
stainless iron, forged and heat treated. 


improving the workability of stainless strips and it is 
not unreasonable to suppose that they will shortly be 
available in a condition where they can be worked the 
same as ordinary strips and sheets. 

Stainless wire of the iron type is now being drawn and 
used for parts of scientific instruments and various wire 
articles where resistance to corrosion coupled with 
strength in excess of that of non-ferrous metals is de- 
sired. As the production of wire is perfected and cheap- 
ened it will no doubt come into use for all sorts of screens 
and similar purposes. 
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Stainless tubes, in sizes from the wire used in hypo- 
dermic needles to flues, have been made, but high cost has 
delayed this phase of the development. 

Stainless iron sheets for structural purposes and com- 
mon uses such as roofing, ship plates and pressed steel 
articles have developed rapidly during the past five years. 
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Fig.7—Tensile test data of stainless iron, 
forged and heat treated. 
Roofs have been covered with it. The N avy Department 
has been making extensive tests; car companies are ex- 
perimenting with it and efforts are being made to develop 
a material which, although not sufficiently resistant to re- 
main bright and stainless, is resistant enough to with- 
stand the progressive rusting or corrosive action of rain, 
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fresh water and salt water, and atmospheres containing 
fumes and gases common to manufacturing centers. It 
is, of course, a misnomer to describe such a material as 
stainless iron or rustless iron and it will no doubt appear 
under trade names to distinguish it from the rust-resist- 
ing wrought irons and irons of unusual purity which are 
also rust-resisting to a marked degree. In this type of 
stainless iron the material will probably discolor and 
after assuming a rusty appearance due to a thin film of 
colored oxide, it will be more resistant to corrosion than 
_any steel or iron available, excepting the higher grade 
of stainless steel. 

A better form of stainless iron sheets, having a pickled 
and ground surface which stays bright, is being used for 
kitchen table tops, counter tops, cooking utensils, restau- 
rant fittings; and for those purposes in the hardware line 
where nickel-plated, enameled or tinned iron, aluminum 
and copper have been preferred for a bright clean surface. 

Stainless iron forgings—Since stainless iron is malle- 
able and is easily forged it is used in this form for parts 
of automobiles, agricultural implements, sporting goods, 
parts of conveying machinery, marine fittings, mining 
machinery, ornamental iron work, ete. 

Stainless iron castings are made commercially in Eng- 
land, but this field is practically untouched in this country. 


VaLve STEEL TYPE 

The use of stainless steel for cutlery and its develop- 
ment for other purposes was interrupted by the late war 
when the Government requested that chromium be used 
only for war purposes. In compliance with this request, 
the manufacture of cutlery steel was stopped. Research 
work was interrupted by the pressure put upon steel mill 
laboratories in connection with the heavy production of 
war materials and the only purpose for which stainless 
steel was made in any quantity during the war was for 
aeroplane and automotive engine valves. It was then 
found that it could be depended upon to outlast any 
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tungsten steel valves. Asa result, those who were manu- 
facturing stainless steel at that time gained considerable 
experience but at great cost. Little was known about the 
manufacture of stainless steel and it was not, as you 
know, an ideal time for experimental work. 
Composition—The Standard Type of stainless steel 
was then used, but subsequent to the war the amount of 
chromium in the valve steel was greatly reduced, and the 
silicon content increased. Today the valve manufacturers 
use a distinct modification of stainless steel containing 
from 7% to 10% chromium and .40% to .60% carbon with 
a silicon content of 2.50% to 4.00%. This type of steel 
has a peculiar combination of physical properties which 
are desired for the exhaust valves in gasoline engines. 


Nickeut Types 


As stated before, this paper is limited to the discussion 
of those steels where chromium is the predominant ele- 
ment. The addition of nickel to steels where chromium 
predominates does not improve either the stainless quali- 
ties (except in the presence of certain acids) or the phys- 
ical properties of the high chromium steels. On the other 
hand, in the effort to overcome corrosion in steels, a 
group of nickel steels has been developed in which nickel 
is the predominant element and chromium is added to 
improve the physical properties. Nickel in large amounts 
gives steel the properties of a non-ferrous metal or alloy 
with a corresponding loss of physical properties. The 
addition of chromium tends to offset this. Since this 
nickel steel field is almost as broad as the chromium steel 
field, no attempt will be made to discuss it, except to say 
that, aside from the increased resistance to certain acids 
(particularly sulphuric and hydrochloric acids), the nickel- 
chrome group is not quite as resistant as the chromium 
group and the nickel-chrome steels do not have the 
strength, hardness nor the responsiveness to heat treat- _ 
ment which is found in the steels of the chromium group. 
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Coprer Type 


The addition of copper to the extent of 1% in steels 
containing from 16% to 20% chromium and about 30% 
carbon has the effect of making the steels stainless with- 
out heat treatment. It is said to give stainless steels, in 
the higher carbons, properties resembling stainless iron. 
This development is so recent that comment on it should 
be deferred until its value has been established in actual 
use. 


In concluding this brief survey of the development dur- 
ing the past five years, one might say that it has been a 
period of exploration of the alloy field for new combina- 
tions. The types we have discussed are one result of this 
exploration, but itis noteworthy that nothing new has been 
found which equals the original stainless steel for a bal- 
ance of stainlessness and strength for general use. Heat 
affects it less than most other metals. Its resistance to 
fatigue and its strength are remarkable, and in contact 
with hundreds of solutions and gases its value and limita- 
tions are well defined, as indicated in Appendix A show- 
ing the effect of specific corrosive agencies. 

While the total production of stainless steel measured 
in terms of steel mill output is still small, it is growing 
at a steadily increasing pace. The way to give steel in- 
herent permanence has been pointed out and we may 
safely predict that the next decade will witness a phe- 
nomenal extension in the use of all types of stainless 
steel which has aptly been called ‘‘the metal of endless 
possibilities. ’’ 
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APPENDIX A—-EFFECT OF VARIOUS CORROSIVE REAGENTS 
ON STANDARD STAINLESS STEEL* 


*(In this list where stainless steel is shown to be affected, the effect is 
generally much less than on ordinary steels. The duration of exposure 
varied from a week to several months. ) 


CORROSIVE REAGENTS EFFECT ON STEEL 

Acetic acid: 

CIE OL) arin amen Arent rie Per eh oer a No effect 

Dilute (seth ew awe a ee eee Slight attack 

Vinegar (59° acetic)” caso. cones ae eee No effect 

Anhydride. 3.20 ccc: ews pare se ee ee Attacks readily 
ACOPONE: circ Dat eiaeig th diab oie ws Sig mney ea eee Slight attack 
ALCOBOLS ois, 5 fia costvalocp ech ates ass age ee avigrlgte toners tere een ae Ey 
Alkatios 2.5 sac dp Fs aaae acters see rae ee eee No effect _ 
Alum ((strong s gOlUtiOne), Goer eats ete tee React readily 
ATION Doron e ix stom ow Decrees £4 alse ot dae aera toate eae eee 
Ammonium: 

Chlovid@.2ois.ae raat ase ohe eee ae ee Marked effect 

Sulphate so. elise, eer sy eee yee ee Readily attacks 
AQUaNTORIAN cao. acre aS nen eect ae ee Readily attacks 
Baking oVverl (Gases osteo gen eee ere ee eee Slight tarnish 
Benzine “.2205/ 20, (a canes a ee ee No effeet 
Benzo). with nce eo id a earn eee No effect 
Blood 255s cca arcts' 2. oho tiers eee eee No effect 
Blue. print -eqlation, 2.02 te. ee te Slight attack 
Borie sacid’: si. 5's a ae sas cee ee No effect 
Calcium chloride: 

Saturated solution 1. .dwase cues tee peo ee ee eer No effect 

Dilute, solution: os 4255, os. eee uo coud ca ee ee Slight effeet 
Carbon tetrachloride: 

Pure Miquid Syc5 tevasys wit cesele oy ts ak oee No effect 

Dilute. solutiondi at cos Ee ee Readily attack 
Chioraceti¢ ‘acidic cen tee tee Readily attacks 
Chlorine {dry:.or mioigt) G52 4.0 ane Coen ee Readily attacks 
Chlorosulphonie ngid “on. 5.3 sss 4knnkas beak Boe eee ee Slight effect 
Cittievecid . i.e j.ts. Sago danske ene en ee Corrodes 

Lemon juice (6% citric acid) ... 562. .0c. snc encdcese No effect 
Popper GRloride: ccc ask ou vais 05 SVAN Ne Ee Readily attacks 
Copper sulphate, neutral solution ...................0.. Slight effeet 


with manganese dioxide) ..............0.eecc00. Marked corrosion 

Ferric: chlorigde-..wa<ss corsa ate ee ee ee Readily attacks 
Ce Ct an eee es Fi RN Slight attack 
Cem@ling is 6.3 8 Led a heaton ee ee No effect 
eR eee ret or CTT mee eR No effect 
Hydepebloric ‘aeid -.. x cues uted oe i ee Readily attacks 
INK sy ea e's pe ok 4.4 Coupee ok re he ae Little effect 
TOding. seth ns'anre¥nae «onan oe eh a ee Little effect 
Lactic a0.) samy ccke Qe eee ae ee ee Slight attack 

Bour milk 5 iio sie Poe ae ee No effect 
Lemon goiee’:< «. [Sareea bode se eee ee ee ee No effect 
Lame. «5 1. 4bwiy Sigal Os Otel ee No effect 
LIYBOL oo a a vn Wee Rian alot Ree gn No effect 
Magnesium carbonate 1124 sysannse ete eee eee No effect 
Menthol... iss) sora ewes 50 oe ee ee No effeet: 
Mereurie chloride: 

Strong. solution > 5. :.0<. 4s dus sa en ee Slight pitting 


eR EN rere re Pho oe No effect 
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RGIOLURSS Noi 7 ebeg iets ce GIR eae 
ae -No effect 

BARI feta SP Ae Se ga) cee Se cat arsiv ot we we ee No effect 

In CISCHEO ence a gah ise eiata Preys ate ak yates & See amigos ees Pitted 
ENS Bae 20a Ree ane BS Secems car omen iomica No effect 
Manochionaceticpacil cag cn knitss sets ok oe Lok Ona dke Attacks readily 
INE RTDKE = CEG ot She IRR cab Ce eR cee eRe RR Stee No effect 
Novocaine Jp oleeintd a) sani tS ce CLA ONT iced create ea nero No effect 
Oils P ORE S825 3.0106 COON GM cts 6 Aiko Oinroke Eien Rees neta pr eeee No effect 
CUGNG GIG: SIS IA ye, 0 ae Siete, pe nn ee re No effect 
Phosphoric acid: a 

Pa RUE S OULU OVUM eis: 205 loueiabangoisi elec apsiehens ald wiles scene, lists No effect 

UCM SOU ELON Cas Maucte Prager tete tare scm 0 ote Sic tere atic os ousioyn arenes Slight attack 
POLASRUM BO VANE Go0 5 ...tee ctoiageracttiabstse- 8 Je ke Sees OSs Sie awe No effect . 
POLASSIMMIe LELMIC VARICES S120 fis «ote re a ceeivcsieleieio rena oa ere tele Readily attacks 
PROPASSLUIIORORTL Lie Mfr tere aetee inte ke seer Se esis casrermte Son ome No effect 
Crome SULPHATE. Sys nwls cys Siogsisisiesie site! eres w a dies wisimrerser es Slight pitting 
EU EL EA CL MOEN arenes siiarel cto ss, Sel aim Sllog hava, ara eieieusbeens repels ta Little effect 
Ver MPU ODITO Cece teeta & arstale enor tele. « miehess atts “s) besal sy sfareron ores No effect 
Sodium chloride: 

SSG GE PRONE IO MS saat, sic c egeeeiie ois asenN ote Sone ae. 3) cues Loeal pitting 
OGM TU BALE CVRACE Wan iio cers is uchsve Ow ays PE meee cue Gree eeneets No effect 
SOG Sater aes ane Sa ee ee ane toeao es or contigs Readily attacks 
SHG) SOCTOS " Pigeiy Ss Oe ceo ole DOR aote vee ete peer me pounce No effect 
ROL CHIN ae CMRI ETT, cRAT Scop ye cece cniel «PPS OLR eve isuph Son SS) Suwanee aus sahara ieke No effect 
Sherritt Creare ner gens eyot cic sote = aielin. forlote ye i618 oie Sle valeils) aces (opp se te . No effect 
SMT) oes Gi Saco noo s ano pote Cab bar oUsn aces uma No effect 
Sirlny Mihe (ON Crs hte = eae a a a aeibd do cies Cacia te erate Readily attack 
Sulphuric acid co ese pi et nies = nie me lee siene nacvies Readily attacks 
SuiliiTmEg Ey CL Seb e ade ae spog on coop oe ObneneaUcom cost Readily attacks 
RETIN UCMER GL LB loin -sosie oleh ae er setsiisisr sts ioe, alienate. eee No effect 
TRAE RS CEC p LAUT) OSs Sepals here ae) > wie ls: a eyrerode evicire is -sies.'s sieves Son Little effect 
ides y EERIE I ee ee orale RTT et everecotn Ce oho ai arin edetate o easte's anes Little effect 
Thymol: 

PS PLOW Ss SOLULIOMS oe elatete ope se ielar al 9'> roots @ya cicyel +) <Peislinueveleiaiouagnve Slight stain 
Water: 

i2Viny> “insite Soa BA SOD econ 16 BUCO Sco ONO Tmo No effect 

Se omVVLLE Tua metete sienctane ler oho Ciel tae Resiohe lovee evclie ieietekel ein an vo. (@vet'« Little effect 


Tur CHarrman (Mr. John A. Topping): Mr. Clark’s 
paper will be discussed by Mr. T. H. Nelson, Consulting 
Metallurgist, Ludlum Steel Company, Watervliet, N. Y. 


Discussion By T. Hottanp NELSON 


Consulting Metallurgist, Ludlum Steel Company, Watervliet, N. Y. 


In opening the discussion on this paper the least one 
could do would be to commend Mr. Clark for such a use- 
ful contribution at this time to the all too little valuable 
literature on the subject of stainless steel. 

Mr. Clark’s outline of the patent situation represents 
probably the most intelligent summary that has so far 
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appeared, and his diagram, as illustrated in Fig. 1, is not 
only an extremely useful illustration, but gives some idea 
of what has happened in the chrome-carbon field since 
the original discovery, when patents were taken out by 
Mr. Harry Brearley and Mr. Elwood Haynes. 

The writer fully appreciates that in giving a paper 
like this it would be impossible for Mr. Clark to do full 
justice to such a wide and important subject, and while 
not wishing to depreciate by one iota the value of this 
paper, it is to be regretted that the author did not take 
a little broader view of the subject than he has done. I 
think it unfortunate that Mr. Clark used the title ‘“Recent 
Developments in Stainless Steel’? when the term stain- 
less steel unfortunately is today applied to so many other 
compositions of rust and corrosion-resistant material 
that differ considerably from the analysis to which Mr. 
Clark’s paper obviously has specific reference. It is 
obvious that the knowledge and experience of Mr. Clark 
are more closely associated with stainless steels and irons 
as manufactured and sold under the Brearley patents, 
and it is unfortunate that he has confined his paper so 
much to these particular materials. 

The writer feels that he is justified at this time in put- 
ting forward a few of his own experiences on the subject 
in general since its development in the Firth-Brown Re- 
search Laboratories, at Sheffield, England. 

By way of explanation I may be pardoned for men- 
tioning the fact that I was associated with. Mr. Harry 
Brearley, of the Firth-Brown Research Laboratories, 
when the early work which ultimately led to the develop- 
ment of what is today known as stainless steel was 
started. 

It is entirely in error to assume that Brearley started 
out to look for a stainless steel. As a matter of fact, the 
development originated from a request by the British 
Government to Thomas Firth & Sons to see what could 
_ be done towards producing a gun lining for guns of large 
calibre. Knowing full well the value of a material with 
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high melting point for this purpose, Mr. Brearley turned 
his attention to mild steel and to chromium as the alloy 
which might be expected to help to increase the physical 
properties and at the same time maintain a high melting 
point. 

At this time I am sure I am perfectly safe in saying 
that the corrosion end of the problem was not seriously 
thought of by Mr. Brearley; as a matter of fact, this is 
substantiated by a statement published with his author- 
ity in the Sheffield Daily Independent, dated February 2, 
_ 1924: ‘‘You will observe that my early work in high 
chromium steels was not inspired by any intention or 
hope on my part of discovering a stainless steel. I was 
simply studying certain problems relating to ordnance.’’ 

Mention of this is made so that you may have an accu- 
rate record as to the original steps that led to the dis- 
covery of stainless steel, in view of the fact that so much 
literature has appeared inferring that Mr. Harry Brear- 
ley gathered together all the known data on this subject, 
and started out to produce a rustless, stainless, or cor- 
rosion-resistant material. 

It would be a long story to give details concerning the 
ultimate experimental work and labor that led to the 
discovery by Mr. Harry Brearley that steels with from 
9 to 16 per cent. chromium content represented the range 
of heat treating chromium steels so far as it was possible 
to make them resistant to rust, stain or corrosion, nor 
would anyone deny that it was the work of a genius, and 
knowing Mr. Harry Brearley as I do I know that he 
attained his object in life. That same object should be 
the goal of every true metallurgist, to leave behind him 
in the industry something that has made that selfsame 
industry the better for his having lived his life with it. 

Passing on from this it is not disrespectful, but only 
further proof that every development leads to greater 
developments, to realize that today there are something 
like thirty-one different steels on the market under the 
name of rustless, stainless, scaleless, or corrosion-resist- 
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ant materials. Nor would it be fair at this time not to 
view all these materials broadly, realizing that it is al- 
most thirteen years since the original discovery, and that 
since this time the metallurgical brains of the world 
have been concentrated on this subject, and have evolved 
many and diverse materials from this foundation stone 
that have special advantages under special conditions. 

In dealing with stainless steels during a recent lec 
ture tour over the eastern part of this country I have 
placed them into three distinct classes : 


(1) The original Brearley stainless irons and steels con- 
taining between 9 and 16 per cent. chromium. 

(2) The higher chrome and lower carbon materials with 
various other alloy additions, such as silicon, copper, 
molybdenum, ete., leaving out of consideration for a 
moment the lower chromium with high silicon mate- 
rial, with medium carbon content, used extensively 
for motor car valves, aeroplane valves, ete. 

(3) The nickel chrome series, where in most cases the 
nickel is substantially greater than the chromium. 


I further feel that they ean be placed into classes 
equally as distinct, so far as the user is concerned : 


(1) For instance, where high physicals are required, and 
concessions can be made in the direction of corrosion 
resistance, the logical material to use from an engi- 
neering point of view would be the lower chromiums 
with a suitable carbon content, which could be heat 
treated to give desired physicals, always bearing in 
mind, of course, that after passing a certain point 
in tempering the resistance to rust and corrosion is 
considerably reduced. 

(2) On the other hand, where physical properties are not 
of paramount importance, but could, we will say, lie 
within the following range, see Table A; or Table B, 
which is exactly the same materia] after quenching 
from 1800° F. and tempering. This particular series 
of tests brings to light very markedly the fact that 
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after quenching at 1800° F., the material hardly: 
seems to be affected at all by various drawing tem- 
peratures, and the change distinctly noticeable at 
1250° F., in the series ‘‘ As rolled’’ is entirely absent. 

The user would be probably using sound judgment 
in taking the higher chromium content and lower 
carbon material which in all conditions is extremely 
resistant to corrosion and rust, and from a manu- 
facturing point of view possesses many and distinct 
advantages over the materials containing less than 
16 per cent. chromium. 


TABLE A—PHYSICAL PROPERTIES OF LOW CARBON 
STAINLESS STEEL 


Analysis: Carbon .09; manganese .35; silicon 1.28; chromium 18.50. 
Size—1%4,” diameter. : 


Treatment E. L. Ult. Elong. R. A. Brin. 

As Rolled 77,000 96,000 27.0 64.8 196 
Oi v6 78,000 97,300 26.0 67.0 197 
ab ah 79,000 97,300 24.5 64.8 197 
40 a5 74,300 97,000 26.5 64.8 196 
i ce } 77,000 95,000 27.0 67.0 197 
ue Ee 78,300 96,300 27.0 65.9 197 
100° F. 79,000 97,300 27.0 65.9 196 
200 78,300 98,300 28.5 63.6 202 
350 78,000 97,300 26.0 63.6 207 
400 72,800 95,100 26.5 65.7 207 
500 77,000 98,000 27.0 67.0 207 
600 77,000 96,000 26.0 64.0 207 
725 76,400 97,200 27.0 63.3 212 
800 78,300 96,000 27.5 62.4 207 
900 76,400 96,300 26.0 62.8 207 
1000 81,500 99,800 26.0 64.0 207 
1050 78,300 97,000 25.5 67.0 207 
1100 80,500 98,300 26.5 65.2 202 
1150 78,000 96,300 25.0 63.6 196 
1200 77,000 96,000 27.0 64.8 196 
1250 78,300 96,000 26.5 63.6 207 
1300 62,900 89,800 34.0 65.9 179 
1350 58,900 80,400 32.5 68.2 163 
1400 54,900 79,400 35.5 70.4 156 
1450 52,900 78,400 > 30.0 71.4 159 
1500 52,400 78,400 36.0 Tad 156 
1550 51,900 78,900 35.0 71.4 156 
1600 52,400 79,900 35.0 70.4 156 
1650 49,900 76,400 36.5 72.5 153 
1700 - 50,900 77,900 36.0 72.5 156 
1750 56,900 79,900 31.0 68.2 167 


1800 86,400 Broke in Threads 170 
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TABLE B—PHYSICAL PROPERTIES OF LOW CARBON 
STAINLESS STEEL 


Size and analysis same as in Table A. _ Water quenched from 1800° F. 


Treatment KE. L. Ult. Elong. ROA. Brin. 
nched 53,300 77,000 36.5 74.5 156 
ns is ‘ 55,000 77,300 36.5 70.4 156 
o 53,400 77,400 36.0 71.4 163 
£8 oe 53,400 77,400 37.0 72.5 156 
100° F. 56,400 76,900 33.0 73.5 156 
200 58,400 77,400 35.0 74.0 163 
300 56,400 77,400 35.0 73.5 156 
400 55,000 79,000 37.5 72.5 156 
500 56,900 77,900 36.0 71.5 156 
600 53,300 76,300 36.0 74.4 156 
700 54,900 74,900 35.0 72.9 152 
800 66,300 79,300 36.5 71.4 149 
900 57,300 81,000 34.0 72.5 149 
1000 57,400 83,400 31.0 65.9 159 
1050 51,000 76,300 37.5 71.4 156 
1100 60,900 82,400 30.0 65.9 156 
1150 54,900 76,400 34.0 70.4 149 
1200 51,400 76,400 34.0 70.0 152 
1250 50,000 76,000 35.5 71.4 156 
1300 56,000 79,300 36.0 70.4 146 
1350 52,000 77,000 35.5 70.4 156 
1400 51,300 77,000 36.0 714 149 
1450 64,000 92,300 27.5 51.9 149 
1500 50,900 74,900 36.5 76.5 146 
1550 58,000 81,300 30.0 68.2 146 
1600 51,400 75,400 36.5 72.5 143 
1650 53,000 76,000 37.0 73.5 143 
1700 50,000 77,000 36.5 714 149 
1750 50,000 76,000 36.0 71.4 179 
1800 55,000 80,000 23.0 67.0 179 


(3) The nickel-chrome series are similar to the higher 


chrome materials in many respects, but possess, as 
pointed out by Mr. Clark the added advantage of 
being distinctly more resistant to the corrosive at- 
tack of sulphuric and hydrochloric acid than the 
straight carbon-chrome series, Although it should 
not be inferred from this that the nickel-chrome 
series are by any means completely resistant to sul- 
phurie or hydrochloric acids. 

As a matter of fact, the higher chrome with silicon 
material is more resistant to attack by hydrochloric 
and sulphuric acid than is the lower chrome without 
silicon, although neither can be considered satisfac- 
torily resistant to these particular acids. 
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From the practical standpoint there are several points 
that I should have liked to see Mr. Clark devote a little 
more time to, as a closer study of these features again 
brings forward very markedly the fact that there is a 
distinct advantage in many cases to be obtained by using 
some of the more recently developed steels in this class, 
and which hardly justifies Mr. Clark in using the state- 
ment that ‘‘Nothing has developed commercially which 

excels the original stainless steels for general use.”’ 

Leaving the melting of the material as a subject en- 
tirely to itself, for with this class of material one has to 
live and work with the molten metal to understand it, we 
will pass on to the forging and general working of the 
various materials. Again we find that we have quite dis- 
tinct classes. 

The original stainless steels outlined by Mr. Clark are 
all of the air hardening type, and even the stainless irons 
with substantially under 16 per cent. chromium are 
slightly air hardening. Mr. Clark fully realizes this 
when he states that stainless steel, so far as forging is 
concerned, resembles high speed steel; he further clearly 
points out that the working range is restricted to approx- 
imately 2000° to 1700° F., with the exception, of course, 
of stainless iron. 

Tn this direction, under the heading of stainless iron, I 
note that Mr. Clark claims that stainless iron was first 
made by Firth-Sterling Steel Company at McKeesport, 
Pa. I regret that I cannot altogether agree with him in 
this statement, and the explanation is not altogether 
without a sense of humor, for in the early days in the 
manufacture of stainless steel it must be remembered 
that there were no British patents; therefore, all steel 
manufacturers were at liberty to make same, nor was it 
long before the steel maker found out for himself that 
the lower the carbon content the more rust-resistant the 
material. Brearley afterwards proved this to be due to 
the existence of free carbides in the lower chromium 
steel, but that did not prevent in the early days substan- 


296 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


tial amounts of extremely low carbon stainless steel being 
made, and the writer distinctly remembers that there was 
considerable material made in Sheffield as low as .06 
carbon with from 12 to 14 per cent. chromium, which in 
the light of today’s knowledge we should be fully justi- 
fied in calling a stainless iron. 

As a matter of fact, it was this belief, without knowl 
edge of the cause, that led to considerable quantities of 
low carbon stainless steel being used in the cutlery indus- 
try, which ultimately produced table knives which were 
speedily condemned, as they were not nearly stiff enough, 
nor would they carry a decent cutting edge. . 

My intention is to impress upon the members that when 
first this material was manufactured it had received the 
title of stainless steel by the cutlery industry, and stain- 
less steel broadly meant anything, say under .40 per cent. 
carbon down to as low as possible, and with, of course, 
12 to 14 per cent. chromium, so that one might say that 
almost from the first, if we look purely at the chemical 
analysis, there was almost as much stainless iron made 
as there was stainless steel, due to lack of knowledge and 
control, but as the material came into standard use, and 
was the subject of closer observation and research, it was 
possible to begin to classify the various grades of the 12 
to 14 per cent. chromium material according to their ear- 
bon content. 


In fact, Brearley himself, now Technica] Director of 
the Brown-Bailey Steel Works, at Sheffield, Hngland, in 
a recent pamphlet* issned by the company, goes so far 
as to classify this material in five distinct grades: 


1. Stainless iron containing less than .10 per cent. carbon. 
2. Mild stainless steel containing from .1 to .2 per cent. 
carbon. 


3. Medium stainless steel containing between .2 and .3 per 
cent. carbon. 


*Brown-Bailey Steel Works, Pamphlet No. 22. 
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4. Stainless steel containing between .3 and .4 per cent. 
carbon. 
0. Hard stainless steel containing over .5 per cent. carbon. 

Were it not that the patent situation is so complicated, 
- this classification would be one that could be well adopted 
by the entire trade, but as there are so many materials 
today containing over 16 per cent. chromium, in which 
the carbon content does not play by any means the same 
important part, unfortunately, what would appear to 
be a simple solution can only be held to apply to the mate- 
rials containing a chrome content from 12 to 14 per cent. 

However, I think that bringing this point to hight will 
justify my statement that in the early days material was 
made under the heading of stainless steel, which con- 
tained anything, in so far as carbon content was con- 
cerned, from almost zero to .40 or .45 per cent. carbon. I 
say this despite the fact that at that time there was no 
earbon-free ferro-chrome available, but those practically 
interested in the manufacturing end know that by various 
means, or subterfuges, if you care to call it so, it was pos- 
sible to eliminate substantially the carbon. 

In drawing attention to this fact and knowing as he 
obviously must that there are steels now available contain- 
ing higher chrome with silicon, which can be worked down 
from temperatures of approximately 2100° F’. to almost 
black heat, or approximately 1200° F., without fear of 
cracking and rupture, he must, therefore, further realize 
that he is placing the stainless steels outlined by him in 
the category of tool steels, due to the fact that he has 
established such a short ‘‘hot working range of tempera- 
tures.’’ 

Accepting the statements of Mr. Clark as strictly cor- 
rect, then the steels he alludes to must obviously be con- 
sidered as a tool steel proposition with the inevitable low 
production and high cost of the non-continuous mills. 

Bearing this in mind, ean Mr. Clark still feel justified 
in saying that nothing has been developed commercially 
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which excels the original stainless steels, when we 
have rustless and stainless materials containing higher 
chromium content and with the addition of silicon, or 
other alloys, which can be worked through on continuous 
mills over much wider ranges of temperature and with 
little more care and attention than some of the standard 
automobile steels? 


Further, in the production of sheets, particularly be- 
tween 20 to 26 gauge, low finishing temperatures are al- 
most a necessity, and the high loss experienced with the 
lower chromium steels is greatly reduced by the use of 
the higher chrome silicon steels. 


As a matter of fact, it is practically impossible to get 
some of the low chrome materials with their air harden- 
ing tendency into the lower gauges of sheets as a com- 
mercial proposition. 


There are also many other shapes and sections which, 
so far as commercial mills are concerned, are extremely 
difficult to finish at temperatures over 1700° F., particu- 
larly delicate sections with sharp edges, which are apt to 
cool down very rapidly in contact with the rolls. 

The difficulties experienced with the lower chrome 
steels, in such instances as these, are readily overcome 
by the higher chromium materials possessing as they do 
a wider working range of temperature, and were atten- 
tion not drawn to this at this time the writer feels that 
an injustice would be done to the various manufacturers 
of stainless steels making materials different from those 
outlined by Mr. Clark. 

There are one or two particularly striking instances 
which represent substantial development with materials 
which would not conform strictly to those dealt with in 
Mr. Clark’s paper, and in this direction I have particular 
reference to the subject of valves, where some of the sili- 
con chrome materials used for this purpose are substan- 
tially resistant to either rust or corrosion, but are, of 
course, particularly designed with a view to obtaining 
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high physical properties at high temperatures, and to 
further resist the formation of scale. 

In this case also it is the chromium in conjunction with 
silicon that renders this special type of valve steel sub- 
stantially resistant to the effect of corrosive gases to 
which they are subjected in use. 

It should, however, be distinctly understood that this 
type of material is thoroughly entitled to be considered 
as a corrosion-resistant material, and further, the dis- 
tinct advantages that it possesses over the higher chrome 
material without silicon, both in regard to physical prop- 
erties at high temperatures and resistance to scale, over 
the material referred to by Mr. Clark would, I venture to 
say, entitle it to be considered as a distinct development, 
which can be supported by the statement that practically 
all the high priced cars and many of the aeroplanes at 
present are using this type of material in preference to 
chromium steel without silicon, or even the tungsten steel 
valve. 

There is a further striking case which has come before 
the attention of the writer recently, and that is the manu- 
facture of seamless tubes. Hot rolled seamless tubes are 
now commercially obtainable within a certain range of 
sizes from the higher chrome silicon steels, manufactured 
under the patents held by the Ludlum Steel Company, 
but I have still to come across in this country any seam- 
less tubes manufactured or produced commercially from 
material of the lower chromium range. 

While again congratulating Mr. Clark on his valuable 
addition to the available data on this particular subject, 
I feel that he fails to realize that there have been con- 
siderable developments recently in stainless steels. 


Tur CHarrman (Mr. John A. Topping): The next 
paper, ‘‘Research in Liquid Fuel Economy,’’ will be pre- 
sented by Mr. Max Sklovsky, Chief Engineer, Deere & 
Company, Moline, Ill. 


RESEARCH IN LIQUID FUEL ECONOMY 


Max SKLOVSKY 
Chief Engineer, Deere & Company, Moline, Ill. 


This discussion is limited to the application of liquid 
fuel, particularly fuel oil, to metallurgical operations in 
industrial production furnaces. For such purposes liquid 
fuel has proven so advantageous that interest has cen- 
tered, it seems, both on the costs and on the availability 
of supply. The need for better economy is too obvious 
to require discussion at this time. It is therefore upon 
the manner of obtaining such better economy that this 
discussion hinges. 

The research described herein began in 1912 at a time 
when it was recognized that the use of petroleum pro- 
ducts was increasing at such a rapid rate that the ques- 
tion of supply attracted wide attention. Interest in re- 
search for the more economical use of fuel oil was stimu- 
lated by the radical increase in price which took place 
during that year. In searching for a substitute fuel, it 
was soon discovered that it would be a serious detriment 
to production and production costs to substitute solid 
fuels, such as coal or coke, and it was also found that 
the price of gaseous fuel which could serve as a sub- 
stitute was prohibitive in the majority of cases by reason 
of the cost of the installation of gas-making apparatus. 
A check-up in one case, as illustrated in Fig. 1, indicates 
the production range on an ordinary forge furnace, on 
an ordinary fuel oil furnace, and on an improved type 
of oil furnace. The corresponding production units range 
from 450 to 1250 and up to 3100. The corresponding 
cost is indicated in the figure adjacent to each diagram, 
showing corresponding cost of $1.50, $2.75 and $3.50 per 


100 pieces. A second chart, Fig. 2, gives relative labor 
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and fuel cost on the same furnaces, showing on the coke 
furnace a labor cost of $16.50 plus a fuel cost of $3.50; 
on a regulation type of fuel oil furnace a labor cost of 
$8.50 and fuel cost of $2.50; and on an improved type 
of oil furnace a labor cost of $2.80 and a fuel cost of 
$1.20. This investigation has proven that the advantages 
of liquid fuels are so great, both as to production as well 
as labor costs, that the cost of fuel is relatively a minor 
item, that in place of substituting another fuel it would 
prove advantageous to continue the use of fuel oil, and 


TTT 
| | 
“ll 
WH 
| | 
| 
LABOR 
16.5) 
| mM 
3100 
PIECES 
i con 
i 6.50 
| 1 | 
i i 
Hes 
i | 
I | | 
i 8 
Fuew I 
cost en 2.50 iT 
UE |) as me Hlizollll 
IMPROVED 
oiL CONSTRUCTION COKE Ol CONSTRUCTION 


Fig. 1—Production range and cost Fig. 2—Labor and fuel costs 
per 100 pieces. per 1000 pieces. 


that active effort should be made in the direction of more 
economical use of such fuel in order to reduce the cost 
of the fuel as well as to conserve the supply. 

Investigation of the various types of furnaces and 
their combustion in general use at the time indicated a 
very wide fluctuation in the economy of such furnaces. 
Fig. 3 shows a chart of various kinds of furnaces that 
were checked up, including a total of 251 individual fur- 
naces. These are classed into six groups with economy 
results as follows: 
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This group applies to types of furnaces especially de- 
veloped for production purposes and adapted for a lim- 
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Fig. 3—Efficieney of various kinds of furnaces, 


ited number of jobs. The average economy as a whole, 
all over the country, is scarcely 5%. By the per cent of 
economy is meant, in this case, the ratio between the heat 
contained in the metal and the heat contained in the fuel 
supplied to the furnaces. 

It may be pointed out here for comparison that in 
steam boiler practice the economy ranges from 50% to 
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80%, so that an economy of 5% for metallurgical fur- 
naces appears to be ridiculously low. It may be further 
pointed out that were the general economy of metallur- 
gical furnaces using oil increased from 5% to 10%, which 
latter figure would still appear very low, the amount of 
fuel consumed would only be one-half, and that were the 
economy increased to 15%, the fuel consumption would 
be reduced to one-third of the fuel used at present. It 
is plainly within the practical range to attain a 15% 
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Fig. 4—Heat balance of furnace rebuilt to 
reduce’ radiation losses. 


average economy when you consider that instances of 
40% economy have proven practicable. * 

The striking inefficiency of metallurgical furnaces 
brings up the question as to what becomes of the heat. 
Fig. 4 indicates experiments with a small forge furnace 
in which the heat balance is indicated. It will be noted 
that in the upper portion of the diagram, 9% of the heat 
is utilized, 47% went up with the spent gases, and the 
balance (44%) was radiated. This same furnace was re- 
built with a 9” wall and arranged with proper and suit- 
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able openings. This simple change has resulted, as in- 
dicated in the diagram, in 18% saving in fuel, all of 
which was obtained by reducing the radiated heat from 
44% down to 26%. 
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Fig. 5—Influence of temperature on time 
required for heating. 
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INFLUENCE OF 'TEMPERATURE 

Temperature has been known to have an essential ef- 
feet upon the productive capacity of a furnace and also 
upon the economy of furnaces. As no data were avail- 
able a series of experiments was undertaken, the results 
of which are charted as shown in Fig. 5. These experi- 
ments were conducted in a small oil-fired furnace with 
provision for measuring the quantity of oil used, the 
temperature of the furnace, and the quantity of heat 
extracted periodically and at different temperatures by 
the stock heated. A calorimeter was used for measur- 
ing the heat contained in each piece removed from the 
furnace. Four distinct groups of experiments were 
made and these are indicated by four distinct curves, 
Curves A, B, C and D. 

Experiments indicated by Curve Fe show that the fur- 
nace was maintained at a uniform temperature of 1600° 
F.; ‘n the experiments indicated by Curve B, the same 
furnace was maintained at a temperature of 2000° F.; 
in experiments indicated by Curve C, a temperature of 
2500° F’. was maintained; and for Curve D, 2700° F. The 
time that each piece of stock was in the furnace was noted 
and the plotted points of Curve A show the temperature 
of each piece for various time elements.. It will be seen 
that as the stock is inserted in the furnace its tempera- 
ture at first rises rapidly and gradually slows down 
until the final furnace temperature has been reached in a 
period of about fifteen minutes. In order to assure rela- 
tive uniformity, steel balls, one pound each, were used in 
these experiments. 

Results of experiments shown in Curve B indicated 
that the temperature of 1500° F. was reached in much 
less time than in the preceding experiments, namely, four 
minutes, in place of twelve minutes. The same 1500° F. 
temperature was reached in a furnace at 2500° F. in a 
period of two minutes and in a furnace at 2700° F. in 
1.2 minutes. The temperature was reached, therefore, 
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in one-tenth the time in a 2700° F. furnace as in a 1500° 
I’. furnace. This demonstrates the value of temperature 
as related to production in a more emphatic manner than 
had been anticipated. The temperature factor of the 
furnace becoming highly important, it was therefore 
necessary to determine further in what manner such high 
temperatures could be maintained and also what the re- 
lation of fuel economy was to high temperatures. 


Factors oF TEMPERATURE 

It is almost common knowledge that the production of 
high temperature with any given fuel is related to the 
dilution of products of combustion with other inert gases, 
of which the principal gas is the nitrogen of the air. It 
is also generally understood that excess air, that is, both 
excess oxygen as well as nitrogen, dilutes further the 
products of combustion and is accompanied by less tem- 
perature. The relation is a simple one, viz., that the total 
heat liberated must be distributed between a larger quan- 
tity of gaseous materials, which results in corresponding 
reduction in temperature. 

It is quite frequently assumed that the resulting tem- 
perature is influenced by the B.T.U. value of the fuel. 
While the B.T.U. value has some influence, it is not the 
essential factor that produces temperature. For in- 
stance, a pound of hydrogen gas has more than twelve 
times the B.T.U. value of a pound of CO gas. There is 
no substantial difference in temperature. The hydrogen 
gas requires for complete combustion about 35 pounds 
of air, whereas one pound of CO gas requires 1/14 as 
much air, so that the products of combustion are radi- 
cally less in one ease than in the other. 

A term frequently mis-applied and which has an essen- 
tial relation to furnace temperature is ‘‘complete com- 
bustion.’’ Complete combustion is so frequently associ- 
ated with excess air that the effect of dilution far over- 
comes lack of such incomplete combustion of part of the 
fuel as may exist. This has been recognized generally in 
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boiler practice by controlling the gases in the stack 
through the use of CO, meters. 


Controu or Excess AIR 


It appears at first glance that, for the purpose of pro- 
duction and fuel economy, the high temperature of a 
furnace is the most important factor, and further that 
as such high temperature is a result of the elimination 
of dilution by excess air, all that would be necessary is 
to control this excess air by some simple device. It is 
a fact, however, that attaining such control is not so 
simple as it appears. The combustion of liquid fuel and . 
particularly fuel oil is accompanied usually by a large 
amount of excess air, such excess air being usually about 
100% in the average furnace. Even under favorable 
conditions such excess air is rarely under 50%. An 
enormous dilution, therefore, exists, with consequent re- 
duction in temperature, which in turn reduces the econ- 
omy as well as the productive capacity. 

The immediate reason for oversupply of air in com- 
bustion of fuel.oil is the elimination of smoke. A smoky 
furnace is not suitable ordinarily for production pur- 
poses and it has been found that the injection of excess 
air readily eliminates the smoke from the furnace. The 
real difficulty lies in the relatively slow combustion proc- 
ess. To demonstrate, fuel and air may be injected in a 
furnace at a lineal velocity of 100 feet per second. With 
a furnace of ordinary size, five feet in length, this mix- 
ture reaches the other end in 1/20 of a second. During 
that period complete combustion must take place, that 
is, before the fuel mixture traverses the complete dis- 
tance of the furnace. The air is injected in the form 
of a gas, whereas the fuel is used in the form of a very 
fine liquid spray. Even so the sprayed particles of the 
liquid are billions of times larger than the molecular 
oxygen units in the air. In order to obtain complete com- 
bustion there must be a complete intermixture of the fuel 
and the oxygen. To accomplish this the fuel must there- 


308 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


fore be converted into a gaseous form, otherwise the 
combustion takes place on the surface of the sprayed 
particles of fuel; and before that is completed the mix- 
ture is frequently exhausted from the furnace into the 
atmosphere at which point chilling takes place, com- 
bustion ceases and smoke ensues. It has been found that 
thorough agitation accompanied with excess air increases 
the rate of combustion and thereby eliminates the smoky 
effect referred to. 

- Mixing of a fuel with air when both are in a gaseous 
condition gives smokeless combustion under nearly all 
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Fig. 6—Fuel consumption per hour on various 
types of furnace. 


conditions, hence the conversion of the fuel into a gase- 
ous form prior to admission into the furnace proper 
should permit complete combustion at a rapid rate with 
less excess air. Experiments verify this extensively. 
Fig. 6 shows the results of a set of experiments on a 
small forge furnace. This furnace has a hearth volume 
of about three cubic feet. The furnace was equipped 
with an ordinary spray type burner and measurements 
indicated the consumption of 11.3 gallons per hour. By 
equipping this same furnace with a gasification fixture, 
it was possible to obtain complete combustion without 
smoke and permit the same quantity of stock to be heated 
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with a fuel consumption of 6.5 gallons per hour. The 
gasification of the fuel permitted the use of less excess 
air, increasing the furnace temperature materially and 
hence requiring less fuel to heat the burden. 

It had been noted previously that the fuel mixture in a 
furnace passes through so rapidly that it remains in the 
furnace only a fractional part of a second and thereby 
the products of combustion do not give up the heat to 
the furnace to the extent that would be possible were 
such products allowed to linger longer in the furnace. 
By the construction of a stock preheating chamber in the 
exhaust passages of the furnace, such furnace is effec- 
tively increased in capacity without increasing the pri- 
mary heating chamber. By the process of preheating the 
stock a further reduction of one gallon per hour on the 
same furnace above referred to was obtained, and as 
indicated in the diagram in the third section, the oil 
consumption was reduced to 5.5 gallons per hour. The 
proportioning of the furnace to the product has also an 
effective result upon fuel economy. For further tests, 
therefore, a new furnace was substituted, in which the 
gasification of the fuel and the preheating of the stock 
were provided for and the furnace was advantageously 
proportioned in reference to hearth size, fuel openings, 
and wall thickness, with the result that the fuel con- 
sumption was finally reduced in daily use to 4.1 gallons 
per hour, a reduction of 7.2 gallons from the initial prac- 
tice of 11.3 gallons, or a total of 64%. In this instance 
the furnace efficiency was increased in regular production 
from 6% to 17%. 

It is to be noted that in the gasification process used 
the air supply for combustion was preheated to 700° F. 
by utilizing the exhaust heat from the furnace. This air 
was preheated in order to furnish a means for gasifying 
the oil prior to admission into the furnace. It may er- 
roneously be assumed that the preheating effect of the 
air accounts for the marked increase in economy. While 
the preheating does have a value, the greatest value 
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comes from the gasification of the fuel, which permits a 
closer control of excess air. To demonstrate this, Fig. 
7 shows a chart of the effect of preheating on final tem- 
peratures. The top diagonal line showing air preheated 
to 800° F. finally results in an increase in temperature 
of combustion of only about 175°, an appreciable amount, 
but not in keeping with 
expectations. 3 
LV) 


5a 

Erect or GaAsiFICATION an 

It had been indicated 8 Bn 
previously that higher » CEC a ; 
temperatures radically * eH at |Z 
affected the rate of heat 2S) Zoe | 
transmission in a fur- ba eee t+ HH 
nace. On the other hand * PT TT ha Al TTT 
it is generally assumed X SH yA HH 

) 09 La 

and quite naturally, that WN} AH Poe 
to maintain higher tem- . A L | L HA 
peratures takes a greater <8 Hy £ HH coer 
amount of fuel. To dem- Syteeseeee HHH 
onstrate this, a series of N EOE 
experiments was made, W SCC CEE eee 
the results of which are ust 
charted in Fig. 8, show- s BEZOEKERS RY HH 
ing the oil consumption Sette aan 
and furnace tempera. &% SRb, L | 
ture. The upper line HELE = 
shows results on a fur- SpeEeen | 
nace of the ordinary 250 200 750 /00 
type with an ordinary . ube eee 
spray method of inject-  “" "Ghai temperniemen ne 


ing the fuel. As the tem- 

perature rises from 1800° F. to about 2400° F., the fuel 
consumption gradually increases from about 4.8 gallons 
per hour to 6.9 gallons per hour—a material increase but 
not in proportion to the effectiveness of heating at the 
higher temperature. From 2400° F. to 2600° F. the in- 
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crease in fuel consumption is from 6.9 gallons to 7.3 gal- 
lons, a lesser increase than the previous one. From 2600° 
FP: to 2800° F. there is only an increase of 1/10th of a 
gallon per hour. In the main this curve indicates sub- 
_ Stantially what may be expected. 
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Fig. 8—Effect of furnace temperatures on 
fuel consumption. 


The lower curve indicates a series of tests made on the 
same furnace as that indicated on the upper curve except 
that there was a pre-mixing and gasifying device for the 
fuel. The results are rather surprising in that from 
1800° F. to 2400° F. the fuel consumption remained sub- 
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stantially constant and from 2400° F. to 2800° F. the 
fuel, instead of increasing to maintain the higher tem- 
perature, actually decreased. This was checked for error 
several times before the results were accepted. What 
occurred to produce a lower fuel consumption was that, 
after the temperature of the furnace advanced to a higher 
degree, the gasification under those conditions became 
more effective and permitted a constantly decreasing air 
supply or a continuous reduction of excess air within the 
furnace. This reduction of excess air permitted an in- 
crease in temperature and at the same time a reduction 
in fuel consumption. The answer to the question as to 
the fuel consumption for higher furnace temperature is 
given, therefore, in the foregoing, namely, that higher 
temperature does not necessarily mean greater fuel con- 
sumption and that, where higher temperatures are ad- 
vantageous, fuel economy is also obtainable. For com- 
parison it is to be noted in Fig. 8 that for a temperature 
of 2700° F’. the fuel consumption is 3.25 gallons, as com- 
pared with 7.3 gallons per hour for the gasifying and 
spray method respectively. Fig. 9 indicates an experi- 
mental curve with oil as a fuel and with variable ratios 
of air. It will be noticed that as the excess air percent- 
age is decreased, the temperature rises very rapidly. The 
hump in the curve is characteristic, in that in the process 
used in the experiments the gasification of the oil took 
place in varied proportions affected by furnace tempera- 
tures. For comparison there is plotted a theoretical 
curve shown for the burning of coke or carbon with dif- 
ferent percentages. On the whole the two curves parallel 
each other quite closely. 

The preheating of air for combustion noted above has 
a dual value, one of direct recuperation of the exhaust 
heat from the furnace and the other the means of obtain- 
ing quicker and better ignition and combustion by gasi- 
fication of the fuel prior to entrance into the combustion 
chamber. <A practice is often employed also of preheat- 
ing or warming the fuel oil. From a recuperating stand- 
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point this has substantially no effect on economy. I*rom 
a control standpoint, however, liquid fuel of the heavier 
kind flows more readily, when the temperature is over 
100° F. The heaviest oils yield to fluidity at.a tempera- 
ture of 150° F. A warming process is all that is needed 
for the fuel oil for accurate control. 
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Fig. 9—Experimental curve of oil consumption with 
varying ratios of air and theoretical curve of coke 
consumption. 


The preheating of liquid fuel by heating and gasifica- 
tion before admission to the furnace works satisfactorily 
on ordinary fuel oil without difficulty. The temperature 
required to gasify such oil is about 700° F. The air is 
therefore heated to that temperature before the oil is 
introduced to mix with it. There are some oils, however, 
that at temperatures of 700° F. tend to crack and deposit 
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carbon in the gasifying apparatus, thereby interfering 
with proper operation of the furnace. [Experiments were 
conducted with the object of eliminating vaporizing fix- 
tures, by direct introduction of fuel oil in the furnace, 
causing the vaporization of the oil and mixing same im- 
mediately upon entrance into the hearth of the furnace. 
This consisted in introducing a diaphragm near the 


Section AA On Section AA. 
Fig. 10—Furnace with diaphragm to Fig 11—Modified form of construction 
mix hot gases from hearth with in- with diaphragm set into the furnace 
coming air and fuel mixture. wall, 


nozzle, as illustrated in Fig. 10._ It will be noted that 
this diaphragm, which is made of refractory material, 
has an opening opposite the nozzle which permits the 
mixture to pass through without interruption or deflec- 
tion into the hearth of the furnace. It is to be noted 
also that the opening in the diaphragm is larger than 
the opening of the nozzle, with the result that, due to the 
velocity of the air and fuel mixture, a suction is estab- 
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lished in the diaphragm opening, which draws in some 
of the hot gases from the hearth around the diaphragm, 
so that within the diaphragm opening there is a violent 
mixing of extremely hot gases with the incoming mixture, 
thereby instantly vaporizing the sprayed oil and causing 
the most rapid combustion. Fig. 11 shows a modified 
form for practical construction in which, in place of a 
diaphragm set out into the hearth, the wall construction 
at the nozzle is such as to permit a recirculation of 
enough of the hot gases from the hearth back around the 
diaphragm which is set into the wall, permitting the adop- 
tion thereby of a substantial construction and a simply 
shaped hearth in the furnace. It may be pointed out in ~ 
this connection that ordinarily the highest temperature 
within the furnace is located on the side opposite to where 
the fuel mixture enters. By this recirculation method 
through the diaphragm the combustion occurs earlier, 
that is, in the space near the entrance of the fuel blast 
in the hearth. As a consequence the entire hearth is. 
more uniformly heated and it can therefore be utilized 
to the fullest extent, with the result that a smaller cham- 
ber can be used and therefore with less fuel consumption. 
The oil in this case is admitted into the nozzle near the 
wall so that but little preheating of the oil takes place 
and permits the use thereby of any grade of oil, light 
or heavy, without any carbon formation. It also permits 
the use of the highest temperature in the air. Tempera- 
tures of 1000° F. or more can be used without any risk 
of pre-ignition. 

It is worth pointing out that the maximum value of the 
fuel is obtained when the combustion takes place within 
the hearth and not in chambers extraneous to the 
hearth. Such devices as combustion chambers serve the 
purpose frequently of enlarging the furnace and caus- 
ing excess fuel to be used. Fig. 10 indicates diagrammati- 
eally a furnace chamber with a diaphragm as described, 
an air preheating or recuperating fixture and the air con- 
nections to the nozzle and oil supply line to the nozzle 
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at the entrance to the furnace, ‘The amount of recupera- 
tion depends upon the exhaust temperature of the gases 
from the hearth and upon the fixtures used for heating 
the air for combustion. ‘The diaphragm has the effect 
of inducing circulation of the gases in such a manner 
as to heat the furnace hearth uniformly and all over. 
Deflectors have been used at times for recirculation pur- 
poses but as reflectors or baffles cause concentrated com- 
bustion at such baffles, the baffles deteriorate very. rap- 
idly. The suction method of circulating the gases within 
the hearth is effective without destroying the refractories 
within the hearth. 


FurNACE CONSTRUCTION 

Better fuel economy is obtainable, as indicated above, 
by higher furnace temperatures and by controlling the 
ratio of air to fuel. Other items of economy, as indicated 
above, consist in air recuperation and in preheating of 
the stock in a preliminary operation by utilizing the ex- 
haust or spent gases emanating from the combustion 
chamber. The first two items deal with efficiency in com- 
bustion and the latter two deal with efficiency of utiliza- 
tion of the heat of combustion. 

Other means also exist which permit better economy 
in the using of liquid fuel. These are influenced by the 
furnace construction. Among these is the furnace size. 
As indicated previously, furnace efficiency averages 
about 5%; the balance of the heat is wasted, the waste 
being ordinarily 95%. This waste is a factor of the fur- 
nace; and the quantity of waste, that is, the amount of 
fuel used to sustain the temperature in a furnace which 
is termed usually the ‘‘furnace factor,’’ is mainly de- 
pendent upon the size of the furnace. For example, a 
furnace using fifteen gallons of oil per hour under full 
production, may under idle conditions use 60%, or nine 
gallons per hour, to maintain the working temperature. 
A furnace one-half that size in cubic contents would use 
approximately one-half that amount for temperature 
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maintenance. It is obvious that a furnace should be small 
enough for the work and not large for the work. 

The type of furnace also has a material bearing on 
the economical use of fuel. The best results are obtained 
from furnaces that are specialized and limited to a few, 
or a single kind of work. A furnace for general pur- 
poses, that is, heating a great variety of sizes and shapes 
of materials, must, of necessity, be too large for the aver- 
age kind of work. Furnaces having progressive heating, 
particularly of the continuous type, permit automatic re- 
cuperation and result in much higher economy than the 
batch type of furnace. There are other advantages ob- 
tained frequently with a continuous type of furnace, for 
instance, that of greater uniformity of heating. 

Details of the construction of furnaces such as size of 
openings, flues, thickness of walls, insulation, ignition 
chamber and various other items that may be enumer- 
ated, all have an influence on the economy of a furnace. 
Insulation, though desirable, is not permissible in fur- 
naces of a very high temperature, as under extreme 
temperature it is necessary to obtain a temperature 
gradient sufficient to keep the brickwork solid. Air re- 
cuperators as attachments to furnaces may be utilized 
independently from that previously discussed for the 
_ purpose of gasification of the fuel. 

A factor affecting fuel economy is that of continuity 
of operation. The initial building up of temperatures 
takes an appreciable period of time and consumes fuel. 
When such period is followed by a short operating period, 
the fuel consumed for the first period is frequently as 
much or greater than that consumed during the utiliza- 
tion period. Obviously longer operating periods are ad- 
vantageous to fuel economy. 

A very important factor in fuel economy, aside from 
methods of combustion of the fuel and aside from con- 
struction or selection of furnaces, is that of attention to 
the furnace. Excess fuel is used to a substantial extent 
by permitting furnaces to operate with full fuel consump- 
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tion during idle periods, by permitting excess air above 
that required for combustion with the fixtures installed 
and by the practice of injecting excess fuel at times to 
cool down the furnace in place of reducing both the fuel 
and the air. In the ordinary furnace it may safely be 
estimated that 10% to 15% of the total fuel is wasted, 
due to insufficient or unintelligent attention to furnace 
operation. This factor can be, to some extent, eliminated 
by the use of simple operating devices and simple in- 
structions. Waste through that agency can also be effec- 
tively reduced by the installation of individual meters 
for cheeking up purposes. Usually it is found that the 
unseen flow of fuel is not appreciated by the operators 
and the waste not understood by them. Any device that 
will inform such men would result in added economies. 


ConcLusIon 

As may be gathered from the foregoing, three distinct 
directions of effort may be applied for obtaining better 
fuel economy: 

1.—By proper combustion efforts. 

2.—By better furnace adaptation and construction. 

3.—By better attention to the furnace. 

The goal of obtaining an average of 15% efficiency on 
the whole is worth while and within practical attainment. 
All that is necessary is to apply intelligent effort. 


THe Cuarrman (Mr. John A. Topping): The final 
paper of the morning session is ‘‘ Electric Alloy Steel,’’ 
by Mr. F. KH. Clark, Sales Engineer, Republic Carbon 
Company, Niagara Falls, N. Y. 


HLECTRIC ALLOY STEEL 


FE. KE. CuarK 
Sales Engineer, Republic Carbon Company, Inc., Niagara Falls, N. Y. 


Electric steel was introduced to this country in a com- 
mercial way in the year 1906, and its progress from that 
time up to the period of the World War was indeed very 
slow, as the country’s demands for high grade steel prod- 
ucts were being pretty well taken care of by the open- 
hearth and crucible processes. 

As is well known, the World War created a demand 
for electric steel, as specifications for the various ord- 
nance products required by our Army and Navy were in 
many instances too rigid to be readily met by steels of 
other processes. The failure of crucibles at that time 
likewise had considerable influence, especially in the tool 
steel field, and, accordingly, the industry was given no 
little impetus, in fact perhaps a bit too much. 

Dr. John A. Mathews, one of our real pioneers, years 
ago ventured the prediction that a period of reaction and 
dissatisfaction with electric furnace products would fol- 
low their rapid introduction, and the wisdom of this state- 
ment has been since amply justified. 

It might, however, be well to recall a similar period in 
the introduction of the basic open-hearth, and all in all, . 
in spite of a national post-war slump, the electric steel 
industry today appears to be on a commercially sound 
basis and its future, in spite of all possible opposition, 
looks very bright. 

The efforts of this country in the production of armor 
piercing projectiles, guns, light armor, air flasks, high 
grade steel castings and countless other products taught 
the steel maker, regardless of his process, more in a tech- 


320 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


nical sense about steel than he had ever known before. 
The metallurgist or writer of specifications likewise prof- 
ited, and accordingly the steel maker of today has a some- 
what harder task on his hands than ever before, as ord- 
nance specifications or specifications equally as rigid are 
in many instances being adapted to commercial products. 

In the automotive industry requirements are becoming 
more and more rigid as the automobile improves in 
quality and the same applies to the steel casting industry. 
These two fields at present provide the big outlets for 
electric steel. 

Many comparatively new products of a non-corrosive 
and stainless nature have appeared which can be pro- 
duced in a commercial way only in the electric furnace, 
and although the demand for these may be relatively 
small for the time being, there are seemingly unlimited 
possibilities for the future. 

An attempt will be made herewith to justify the exist- 
ence in a commercial sense of the electric furnace by a 
simple presentation of its advantages, together with a 
brief treatise on the general methods of steel making 
procedure which are in use throughout the country today. 
Assumption is made that only high grade steel products 
are to be considered, although there are some few possi- 
ble applications of electric steel to so-called tonnage 
products. . 

It would seem that a theoretically ideal unit for the 
production of the highest grades of steel would offer the 
following advantages or features: efficient melting, a 
means for most thorough deoxidation, a means for the 
removal of phosphorus and sulphur, no loss of alloys, 
temperature attainability and control, absolute degasi- 
fication either in the presence of silicon or without, accu- 
rate control of analysis, flexibility that will permit the 
making of any type of steel, simplicity of design and 
operation, and commercial practicability. 

No unit in existence today completely fits these speci- 
fications, but the electric are type furnace comes closer 
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to filling the bill than anything available at this time. 
The induction type furnace has of late met with some 
success in its adaptation to a few specialties, but little is 
known of its actual performance and it has too many 
drawbacks for its general adoption. 

Three-phase, three-are type furnaces are naturally 
most suitable and their practicability has been well 
proven by some nineteen years of service in this country. 
They are available in sizes that will efficiently produce 
heats of from five hundred pounds up to fifty tons and 
can be applied to the melting of cold charges or to the 
refining of molten metal from other processes such as 
bessemer and open-hearth, also from the cupola or a 
combination of these. 

Acid and basic methods have been adapted to suit re- 
quirements, but with few exceptions the acid hearth has 
been used in the carbon steel casting field, whereas the 
basic process has for the most part been confined to the 
making of ingots and manganese steel castings. There 
are other applications of both methods in the field of 
specialties, also to gray iron and malleable iron castings. 

Most electric steel is made from charges of cold scrap, 
this method having proven cheaper in the average plant, 
although the so-called duplex process can be efficiently | 
operated where a supply of cheap hot metal is at all times 
available. There has been unlimited discussion as to the 
relative merits of cold scrap and duplex methods partic- 
ularly in regard to quality of product, but it would seem 
sufficient to state at this point that with both handled 
properly there is really no difference in quality. 


Basic Execrric Process 
In considering the basic electric process, the prime 
requisites are, first, thorough deoxidation of the metal; 
second, thorough ‘‘killing’’ of the metal, as practically 
all electric steel is of the so-called ‘‘killed’’ variety ; third, 
control of temperature and analysis; and, fourth, dephos- 
phorization and desulphurization. 
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In the case of cold scrap charges, dephosphorization is 
accomplished largely during the melt down period, at 
which stage the electric are is thermally most efficient. 
Incidentally, the capacity of cold scrap for the absorption 
of heat is very high and with the are almost totally sur- 
rounded by scrap, an enormous amount of power can be 
supplied at this stage without damaging furnace linings. 
Dephosphorization to the extent of sixty-five per cent can 
be readily accomplished regardless of the carbon content 
at the melt down by calcined lime to the extent of two 
per cent, provided the iron oxide (FeO) content of the 
slag is kept at eighteen per cent or under and low tem- 
peratures are maintained. This slag removal should be 
made immediately after melt down, and control of the 
iron oxide content of the slag is a function of practice 
und the condition of the scrap. In the best practice it is 
undesirable to add iron ore or scale for the express pur- 
pose of aiding dephosphorization. Average scrap carries 
enough iron oxide to effectually oxidize phosphorus and 
any further addition simply minimizes the phosphorus 
carrying capacity of the slag. This is not the generally 
accepted belief and perhaps some of the early troubles 
were due to too frequent and plentifui applications of 
iron ore or scale. 

There are, of course, cases where an oxidizing agent is 
necessary for the removal of carbon, but in any event its 
use must be attended with no little discretion on the part 
of the operator. 

The most important phase of the operation is finishing 
or deoxidizing, and results here are governed to a marked 
extent by the previous or oxidizing operation, as the 
greater the degree of oxidation the more difficult the task 
of finishing. 

Two general methods of deoxidizing are in use today : 
in the one, great dependence is placed-on ferro-silicon 
which is used in excessive quantities throughout the fin- 
ishing stage; whereas in the other, full advantage is taken 
of the strongly reducing conditions afforded by the fur- 
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nace proper, and silicon is added essentially as an alloy. 
The latter method is the more preferable and is in more 
general use today. 


A detailed description of this method, while perhaps 
somewhat elementary, might serve to at least emphasize 
the importance of the various reactions involved. 


After the removal of the first or dephosphorizing slag, 
recarburizer (if required) is added to the ‘‘bare’’ metal 
either in the form of anthracite coal, coke dust or other 
carbonaceous material, following which ferro-manganese 
up to all possible limits of the specification is added. As 
soon as the recarburizer has been taken up, the finishing 
or reducing slag is added to the bath, this consisting of 
calcined lime, fluorspar, and silica sand well mixed. The 
quantity of lime is dependent on the sulphur content of the 
serap, but in general forty pounds of lime per ton of steel 
together with eight pounds of fluorspar and eight pounds 
of sand will reduce sulphur from .05% to .02% and under, 
if properly made. There are other factors which control 
the slag mixture and for the maximum elimination of 
sulphur silica sand is not used. As fluorspar fumes are 
extremely corrosive to silica sidewalls and roofs, sand 
really serves a twofold purpose, and the presence of silica 
in a basie slag up to even 40% is extremely desirable 
when it is at all possible to obtain a low enough sulphur 
with it. As the general tendency in the past few years 
has been to use high grade scrap, it would seem that the 
use of high silica basic slags would be quite general, but 
this, however, is not the case, although the practice now 
has many advocates. 

Primarily silica sand replaces fluorspar in giving fluid- 
ity to the slag and although its presence is of some dis- 
advantage in connection with desulphurization, this dis- 
advantage is more than offset by the reduction of silicon 
from slag to bath, which is made possible by the presence 
of carbon in the slag during the reducing period. Fin- 
ishing slags should analyze from 20% to 40% of SiO,, 
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the higher percentage being permissible where low sul- 
phur (.0830%) serap is being melted. 

Immediately after the melting of the finishing slag 
finely divided carbonaceous material is spread over the 
slag, the operation being repeated until finally the slag 
{urns white and disintegrates in the atmosphere. The 
quantity of carbonaceous material is dependent on the 
amount of oxygen present in the bath; the more oxygen 
present the more the carbonaceous material required. 

As low as twenty pounds of coke dust has been suc- 
cessfully used on a six-ton heat, while as much as fifty 
pounds might be used on a one-ton heat where the metal, 
either through excessive rust on the scrap or through the 
excessive use of iron ore or roll scale, has become highly 
oxidized. Carbon is the effective agent in the reactions 
involved, combining readily first with FeO, then with 
MnO, both of which rise to the surface. Manganese con- 
tinues in a cycle, so to speak, as a carrier of both oxygen 
and sulphur, until eventually all of the manganese is re- 
tained by the metal. At this point calcium carbide (CaC,) 
is formed in the slag if the carbonaceous slag-making 
material has been used in proper quantities, and in many 
instances this change is considered the ‘‘end point.’ It 
is true that tie mere presence of calcium carbide is not 
an absolute indication that the metal has been thoroughly 
deoxidized, as carbide forms quite readily in the presence 
of excessive quantities of carbon, particularly when low 
voltages (90 and under) are used. It is necessary to use 
judgment in the matter as otherwise the slag reverts 
from reducing to oxidizing. It is only when stability of 
slag is established that the bath may be considered prop- 
erly deoxidized. This fact is in general recognition and 
in most cases the heat at this point is considered to be 
ready for final addition of silicon, temperatures having 
been adjusted by varying the furnace load to suit. 

Chromium additions, if necessary, are usually made 
immediately after the formation of the white slag and 
any other adjustments of analysis, as the raising of man- 
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ganese and carbon, are also carried out during this 
period. 

Desulphurization takes place at the same time, its rate, 
however, being variable, dependent on carbon content of 
metal as well as temperature. High carbons and high 
temperatures aid materially in sulphur elimination. 

In connection with the judgment of conditions existent 
within the furnace, it would seem that the best possible 
way to decide the matter of oxygen elimination is to re- 
duce a minimum of .05% of Si from slag to bath. This 
is not an easy matter in the case of low carbon steels 
(.25% and under), but is relatively easy for the higher 
carbon grades, if enough time and high silica slags are 
used. Perhaps .20% Si might be considered the ideal 
amount for best results, but in any event it would seem 
certain that the highest grade of electric steel can only 
be produced by some reduction of silicon from slag to 
bath, regardless of what the quantity might be. Such 
steels are exceptionally well killed, this method affording 
more precautions toward the insurance of high quality 
than any other in existence today. 

A somewhat general opinion to the effect that basic 
furnace linings are badly scorified by slags which contain 
from 30% to 40% of SiO, is in existence, but this is really 
unwarranted. Complete records are available of at least 
one furnace that operated for several months with slags 
containing at times over 40% SiO, and during this run 
an average of .15% Si was reduced from slag to bath. 
The average carbon content of the metal during the run 
was 40%. 

Crucible steel, long considered the standard of excel- 
lence, is made with a silicon reduction from the crucible 
walls, but it does not afford the combination of both Mn 
and Si reductions such as the basic electric process offers. 

Final ferro-silicon additions complete the ‘‘killing’’ of 
metal in most cases, provided deoxidation has been prop- 
erly accomplished. There are at times other features to 
be considered in connection therewith, such as the exces- 
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sive absorption of gases, presumably H and N, which 
takes place occasionally under unusual conditions. This 
phenomenon might be considered only as an exception to 
the rule. 

The ideal unit for steel making as mentioned included 
a means for complete degasification either in the presence 
of silicon or without. Silicon renders gases soluble in the 
metal and in a technical sense cannot be considered a 
gas eliminator. The work of Cain of the Bureau of 
Standards in melting steel in a vacuum has certainly 
proven the desirability of such an application to com- 
mercial units, but this seems to be very far removed from 
the limits of practicability. 

Single slag heats are made in many plants, the opera- 
tion being somewhat the same as the finishing stage of 
a double slag heat except that deoxidation by the addition 
of carbonaceous material is started somewhat early or 
before the scrap is entirely melted. This method is of 
course desirable in the remelting of alloy steels contain- 
ing chromium, tungsten and vanadium, the object being 
to recover a maximum of these alloys. 

Accurate control can best be obtained by a thorough 
knowledge of the scrap analysis and in this connection it 
night be stated that too little attention is paid to this 
point. When accurate analysis of scrap charges is avail- 
able, it is an easy matter to control carbon analysis at 
the melt down, thus saving considerable time and power 
as well as minimizing electrode consumption. 


Actp Exectrric Process 


The acid furnace has become firmly established in the 
steel casting field and offers every advantage for the pro- 
duction of crucible quality metal as its reactions are iden- 
tical; in fact, perhaps, more readily attainable, because 
of the temperatures afforded by the electric are. 

Control of temperature and analysis, also thorough 
deoxidation, are the requisites. 

Although there exists a somewhat general opinion to 
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the effect that acid steel is not made with as much care 
as basic steel, and reference has been made to the process 
as one of ‘‘melting only,’’ the fact remains that the deox- 
idizing stage here closely parallels that of the basic fur- 
nace, when properly operated. 

Following the melting period slags are worked for the 
partial removal of iron oxide which, incidentally, is not 
as active in acid slags as in basic because of the stable 
silicates which it forms in combination with manganese. 

As excessively high temperatures are usually required, 
various methods are in use to, practically speaking, re- 
move the black color of the slag. Carbon of the bath is 
quite effective in this reaction, while coke dust together 
with lime are quite generally used, and in some cases 
ferro-manganese as a preliminary deoxidizer. 

Slags containing a maximum of 15% FeO are desirable 
as it is easy to reduce Si from slag to bath under such a 
condition. In first class practice, .20% Si is reduced from 
slag to bath and if all other alloy additions are made in 
the furnace proper, we have nothing more nor less than 
the crucible process with the advantages of temperature 
control, speed, and ability to produce very low carbon 
metal, if desired. 


GENERAL CONSIDERATIONS 


Although the electric furnace is now on a very firm 
basis in the industrial world, it has not taken the place 
it justly deserves for a number of reasons. 

Early troubles built up considerable prejudice which 
has not entirely disappeared, while the very keen busi- 
ness competition existent at this time occasionally is a 
factor in deciding against the choice of electric steel. 

Some of the early installations made in open-hearth 
plants met with failure because of the attempted applica- 
tion of open-hearth steel making methods. Installations 
made in plants operating erucible furnaces invariably 
met with immediate success, perhaps because of the fact 
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that the crucible man had first in mind the production of 
a quality product. 

It is a fact that today the quality of electric steel is on 
a higher plane than ever before and one factor in this 
connection has been the tendency toward the use of 
higher grade raw materials, thus minimizing the burden 
of furnace operators. 

One possible application of the electric furnace to the 
so-called tonnage products is in the making of rails. As 
tar back as 1912, microscopic examination of hundreds of 
specimens indicated a marked superiority of the electric 
rail to that of the open-hearth process, it being freer from 
dirt, slag inclusions and segregates, all of which are char- 
acteristic of high quality electric steel. 


CHairMAN Toppinc: The paper just heard concludes 
our morning exercises. Prior to adjournment I ask the 
Secretary whether he has any announcement. 

SECRETARY CLARKE: The afternoon session will be in 
the East Ballroom, adjoining this room, at two o’clock. 
Very interesting papers will be presented on Wrought 
Tron. 

You are requested to assemble promptly at seven 
o’clock this evening for the banquet. 

The meeting was then declared adjourned and a recess 
was taken for luncheon. Members reassembled at two 
o’clock in the East Ballroom, Mr. FE. A. 8S. Clarke, Secre- 
tary of the Institute, in the chair. 


THe Cuarrman (Mr. E. A. S. Clarke): Gentlemen, I 
have been asked to preside over this afternoon’s session. 
The meeting will please come to order. 


The papers of the afternoon session, as you know from 
the program, are devoted to the subject of wrought iron 
manufacture. The first paper on ‘The Manufacture and 
Use of Wrought Iron”’ is by Mr. H. EB. Smith, Engineer 
of Tests, New York Central Lines, New York. 
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Mr. Smirx: Mr. Chairman and gentlemen: This paper 
is a brief summary more from the standpoint of the user 
of iron than from that of the manufacturer. Others who 


come after me can tell you about the manufacture much 
better than myself. 


THE MANUFACTURE AND USE OF 
WROUGHT IRON 


H. KE. Suir 
Engineer of Tests, New York Central Lines, New York, N. Y. 


This is often called an age of steel, although, having in 
mind the present trend of construction, we should now 
say steel and concrete. Wrought iron is still, however, 
an important factor. 

There are many engineers who adhere to the idea that 
wrought iron of good quality is an especially safe and 
reliable material for severe service conditions. In case 
of doubt the probabilities may be in its favor. 

This preference in most cases follows actual experience, 
but the basic reason is doubtless to be found in the struc- 
ture of the metal. A bar of wrought iron may be likened 
to a wire rope. A bar of steel is solid, and the more 
nearly perfect the steel the more nearly solid and uniform 
is the bar. The wrought iron, starting with a mass of 
globules of metal in a bath of slag, is in its finished con- 
dition a bundle of fibers, each surrounded by a very thin 
film of slag. Obviously, a surface crack or check is less 
readily propagated in such a structure. This feature has 
recently been illustrated in some of our alternating stress 
tests, in which bars of soft steel excelled high grade 
wrought iron when the specimens were smooth finished, 
but in nicked or threaded specimens the iron was more 
resistant. 

We often hear the remark that present-day wrought 
iron is not as good as that made many years ago. It is 
true that the manufacturer of reworked serap has the 
© problem of excluding steel scrap, which was not a factor 
in former years. There is evidence, however, that the 
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wrought iron made today entirely from pig iron is supe- 
rior to some of the product of our grandfathers. Modern 
metallurgists have a more precise knowledge of the pig 
iron and other raw materials, and of the nature of the 
reactions in the process, which helps to a better and more 
uniform product. 

Some time ago a large train shed, probably 40 or 50 
years old, was torn down and the writer secured a few 
of the old wrought iron bars from the roof trusses. Pre- 
sumably the samples represented good average quality 
material at the time the shed was built, yet under present 
specifications which are met by present-day products the 
train shed hars would have been rejected. In another 
case, old time material has been found to be less uniform 
in structure and much less pure than modern iron. 

For judgment of the physical properties of wrought 
iron, tensile and bending tests are very satisfactory. 
The specimens should be of larger cross sections than are 
often used for steel. Nicked bending tests are especially 
instructive with regard to quantity and distribution of 
slag, unwelded seams and ‘‘short fiber.’’ The tests must 
be carefully and intelligently made, however. Etchings 
are valuable, showing seams, if present, and slag; also 
whether the iron has been thoroughly compacted or is 
loose and open. The presence of bars of steel in the final 
piling of common grades of reworked iron is at once 
detected by etching, but areas of very dense wrought iron 
may give an appearance so nearly the same as to mislead 
a novice. Chemical analysis will usually furnish the 
answer in doubtful cases. 

In past years it has often been thought that the impuri- 
ties in wrought iron are contained mostly in the inter- 
mingled slag, therefore the results of analysis are not 
instructive concerning the quality of the iron. This ap- 
pears to be true only in a very limited degree. Some of 
the impurities are mostly in the metal itself. 

With respect to chemical composition in general—car- 
bon should obviously be present in only minute amounts, 
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not over 0.08 per cent. Large amounts indicate either 
steel or imperfect puddling. Manganese over 0.10 per 
cent gives the same indications. Phosphorus may with- 
out injury be present in amounts which would be injuri- 
ous to steel, but even in iron there is a limit. Leaving 
out of consideration iron made from charcoal pig (which 
is not a large factor in the total supply), the highest grade 
of puddled irons may contain up to 0.10 per cent phos- 
phorus. Irons for large bolts, forgings and similar pur- 
poses may apparently contain up to 0.18 or 0.20 per cent 
phosphorus without injury. Larger amounts show a 
definite effect. An extensive series of drop tests on large 
forgings showed progressively increasing failures from 
0.25 to 0.60 per cent phosphorus, the latter being the 
highest found. 

In the writer’s experience sulphur is rarely high 
enough to be troublesome. Quite a little silicon will be 
found in the intermingled slag. The determination of 
slag is an important one but is in need of further study, 
both with regard to the method for its separation and the 
composition of the slag. As now determined by solution 
of the sample in iodine, the amount in high grade puddled 
coke irons is about one-half to one per cent. From this 
figure the amount rises to two per cent in less thoroughly 
worked commercial irons. The slag contains a large 
amount of iron oxide and some silica. It usually contains 
but little phosphorus, even when the percentage in the 
iron is high. 

For specification purposes reliance has thus far been 
placed mostly on physical tests and etching. Mere tensile 
strength is not an index of quality, but ductility, particu- 
larly reduction of area, serves to a large degree. Bend 
and etch tests are valuable. A maximum limit for man- 
ganese should be included in all specifications for high 
grade iron. The usual figure is 0.10 per cent. 

The place which wrought iron holds in the opinion of 
consumers is largely indicated by the uses to which it is 
put. When high unit strength is necessary, preference 
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must obviously be given to steel. Where lower strengths 
are permissible but the utmost reliability is required, con- 
servative users often hold to iron. 

In railroad operation the use of iron for boiler stay- 
bolts is prominent. All makers of staybolt iron do not 
follow exactly the same methods, but as a rule the iron 
is ‘‘double worked,’’ meaning that the original muck bar 
is twice cut, piled and rerolled. The box form of piling 
appears to have some advantage, in giving more uniform 
vibratory strength in all directions and also in containing 
fewer welds in the outer portions where the threads are 
cut. Fitted engine and machinery bolts are made from 
iron or steel according to the ideas of the user. The iron 
should be of good quality, free from steel and the piles 
for rerolling should contain no short pieces. 

Practice is also divided with respect to large forgings 
which are subjected to severe conditions of heavy loads 
combined with repeated shocks. In this class are the 
drawbars connecting locomotives with their tenders, also 
the larger locomotive and car equalizers. Such forgings 
are 114 to 4 inches thick and 6 to 10 inches wide. Many 
engineers have adhered consistently to the best wrought 
iron for these forgings, although soft or extra soft steel 
is not without successful records. 

For chains for heavy crane service, wrought iron is 
frequently preferred. 

In large office buildings, hotels and similar structures 
the systems of steam and water pipes are extensive and 
complicated. The pipes are often accessible only by tear- 
ing down considerable interior finish, which makes renew- 
als costly. For such conditions wrought iron finds favor. 

In shipbuilding, wrought iron is sometimes used for 
stern posts on account of its greater resistance to corro- 
sion. The same is true of the supports under the marine 
boilers. 

In electrical work the special magnetic qualities of 
wrought iron give it preference for some purposes. 

This is an opportune point at which to mention the 
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basis of equivalence in strength between wrought iron 
and steel as affecting the design of structures and the 
substitution of one material for the other. Designing 
engineers have sometimes replaced wrought iron with 
extra soft steel of 45,000 to 50,000 pounds ultimate tensile 
strength, this being the strength of the iron. It should 
be remembered, however, that the yield point in iron is 
relatively higher than in steel and that to obtain the same 
yield point and service efficiency in steel, 55,000 to 60,000 
pounds is necessary. The higher the strength of the 
steel, however, the more sensitive it is to checking. 

In attempting to substitute the cheaper soft steel for 
threaded bolts and pipe, consumers have at times en- 
countered increased difficulty in rapid thread eutting, par- 
ticularly in the case of open-hearth steel. The slag films 
in the iron make it more free cutting than the more homo- 
geneous. steel. Grinding the tools with more clearance 
and more ‘‘rake’’ helps this condition, but presumably 
at the expense of more rapid wear of the tool. The steel 
maker’s remedy in the case of bolts has been high man- 
ganese sulphide. This has facilitated threading, and for 
some purposes the steel has been quite successful. For 
the most exacting conditions, iron is still the more de- 
pendable material. 

In working wrought iron in the forge shop, the require- 
ments are in some respects not as exacting as for steel, 
but careful and intelligent treatment is necessary. Heat- 
ing of thick sections should be slow and thorough. Many 
failures which are attributed to ‘‘hot shortness”? are 
really due to forging or bending at too low a temperature, 
or the outside may be hot enough but the center still cold. 

Within the limits of this paper it is not practicable to 
give more than passing mention to corrosion. Examples 
of old time wrought iron which have withstood severe 
conditions for many years are familiar. Two very strik- 
ing ones have recently come to the writer’s attention. 
One is a 90-inch aqueduct pipe of rolled wrought iron 
plate one-half inch thick. It has at times been only partly 


WROUGHT IRON—SMITH 33) 


filled with water, therefore exposed to both air and water. 
After 60 years’ service it was much corroded, but still 
in service. The other example is a horizontal pipe line 
exposed on the Jersey sea coast for 11 years. Two ad- 
joining lengths of steel pipe are corroded entirely away 
in the lower half of their cireumference, while the wrought 
iron coupling which joins them is still intact. 

In recent years the addition of copper to steel has con- 
siderably modified the results under atmospheric ex- 
posure. Under other conditions the copper has not 
always been so successful. It appears to be impossible, 
from results under one set of conditions, to predict those 
under radically different conditions, although in doubtful 
cases iron may be a safe choice. In the case of pipe lines 
for high sulphur crude petroleum containing water, 
wrought iron has at times been found advantageous, also 
for oil well tubing. In the latter case the resistance of 
threaded joints to alternating stress is also a factor. 

Consumers of wrought iron frequently encounter the 
complaint from mill superintendents that it is growing 
more and more difficult to secure puddlers. The son of 
the old time puddler wants an easier job. It is also true 
that to make the largest sizes of present-day finished 
product there is desired a larger mass of iron than the 
old time hand puddler can manipulate. 

These two conditions are doubtless the large incentive 
in the present study of methods and apparatus for oper- 
ating a puddling furnace mechanically or else by some 
method other than puddling to produce a metal having 
the same composition, structure and properties as hand 
puddled iron. These new methods and apparatus are 
aimed at the production of a unit mass of iron many 
times the size of the old hand puddled ball. The con- 
sumer is very much interested in these developments and 
hopes to find in them a source of large sections of solid, 
tough wrought iron free from open seams, and at the 
same time at a price enough lower than the present stand- 
ard to enable him to extend the use of iron. 
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Tur Cuairman (Mr. E. A. S. Clarke): The next paper 
on the program, on ‘‘The Ely Process of Mechanical 
Puddling for the Production of Wrought Iron,’’ is by 
My. Frederick H. Dechant, of William H. Dechant & Sons, 
Reading, Pa. 

Mr. Decuantr: Mr. Chairman and gentlemen: By way — 
of preliminary explanation it should be stated that the 
term ‘‘Ely process’’ is a misnomer. The apparatus in 
which our experimental work has been conducted and in 
which the process has been developed is the Ely furnace, 
and this fact doubtless suggested to those associated in 
the operations the application of the name Ely to the 
process. 


THE ELY PROCESS OF MECHANICAL 
PUDDLING FOR THE PRODUCTION 
OF WROUGHT IRON 


Frepertck H. Drecuant, C.E., M.E. 
Wm. H. Dechant & Sons, Consulting Engineers, Reading, Pa. 


Wrought iron, one of the commercially pure irons, has 
been produced by many processes, both directly from 
iron ore and indirectly, from the very beginning of the 
days of pyro-metallurgy. 

It is always distinguished from other so-called irons 
by the fact that the process used for its production causes 
the iron, known as wrought iron, to be obtained in a pasty 
condition, in which granules of iron are surrounded with 
slag. It is the existence of this slag, intermingled and 
dispersed among the thread-like crystals of the iron, 
which gives to wrought iron its peculiar properties of re- 
sistance to corrosion, and its ability to withstand repeated 
vibratory stresses more satisfactorily than steel. 

The production of wrought iron has seriously declined 
since the advent of bessemer and open-hearth steel and, 
with the exception of its use in a few well defined lines, 
has practically been neglected, principally because of its 
greater comparative cost of manufacture. To those of 
us who are engaged in the construction of engineering 
works, susceptible to the weathering action of the ele- 
ments and to vibration and shock stresses, there is con- 
stantly apparent the need for a rust-resisting, shock- 
resisting material at a commercially attractive price. 
This need and the endeavor to reduce the cost of manu- 
facture have led to the development of many mechanical 
processes, among which the author considers the Ely 
Process an outstanding example of practical accomplish- 


ment. 
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Tre Kuy Furnace 


The Ely Furnace, patented by W. C. Ely of Terre 
Haute, Ind., which patents are now owned by the Amer- 
ican Chain Co., Inc., was first designed and built solely 
for the purpose of busheling scrap iron mechanically. 
Its adaptation for the puddling of pig iron was started 
about four years ago and modifications, which have been 
prompted by experience through this period, have re- 
sulted in a practical mechanical puddling machine, which 
I will endeavor to describe. 

Referring to Figs. 1 and 2, the furnace shell itself is 
built of either wrought or cast steel plates, the former 
preferred, framed into a square cross section, the ends 
being closed with square cast steel head pieces, having 
ports for the entry of the heat for carrying on the proe- 
ess and for the exit of the products of combustion. The 
outside furnace dimensions generally are 54 inches on 
each side of the square cross section by 72 inches in 
length outside to outside of heads. This box-like struc- 
ture of steel plates is carried by two carrier rings of cast 
steel 9 feet in diameter, the furnace itself being supported 
by step blocks on the rings, so that the central axis 
through the ports of the furnace coincides with the center 
of the carrying rings. The carrying rings are mounted 
on four grooved rolls which in turn are carried in two 
heavy journaled housings forming the stool plates, which 
are mounted on the furnace foundations of brick or slag 
concrete. The power for rotating and oscillating the fur- 
nace is applied to two of the supporting rolls, which im- 
part their motion of rotation or oscillation by friction to 
the carrier rings of the furnace itself. . 

Mounted on the furnace on one of its four sides is a 
mechanically operated door, which opens and closes the 
mouth of the furnace formed in one of the sides of the 
main shell. The door is operated electrically by means 
of a worm and worm wheel driving through curved racks 
and pinions to two bell cranks fastened to the door 
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Fig. 2—End view of 800-Ib. Ely puddling furnace with door open. 
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frames. The door is hinged in trunnions carried on a 
lintel casting on the main body of the furnace and can be 
operated regardless of the position of the furnace. Power 
for the operation of the door motor is taken from a pair 
of collector rings mounted on each of the main carrying 
rings. : 

The lining of the furnace is composed of fire brick laid 
next to the outer shell and its inner surface is arched or 
curved so that the greatest diameter of the furnace is at 
mid-section. On top of this fire brick lining is placed a 
magnesite brick lining 414” thick carefully set in proper 
contour so as not to expose right angled edges to the 
erosive action of the charge. Jambing around the door 
and parts is accomplished with magnesite brick and burnt 
magnesite rammed into place after being mixed with gan- 
ister. The door is similarly lined with fire brick and mag- 
nesite and presents a domed surface to the interior of 
the furnace. (See Fig. 3.) 

When the Ely Furnace was first built, it was fired with 
gas coal in a combustion chamber built at one end and so 
arranged that the combustible gases passed from the fuel 
bed through the entry port and out through the exit port. 
Thermally this arrangement is very inefficient, and to 
partially compensate for it the exit port was directly 
connected through a short neck ring to a waste heat boiler. 
Later developments led to the replacement of the coal 
fired furnace with fuel oil burned through a short refrac- 
tory tuyére block directly into the furnace chamber. Re- 
cently, pulverized coal prepared by special pulverizing 
and air mixing machinery has been successfully used on 
the furnace and bids fair to replace rapidly any other fuel 
with the possible exception of fuel gas. While gas has 
not as yet been used as fuel on the ‘ly Furnace, because 
it has not been available, the author believes that it offers 
one of the best means of firing. This is especially true 
in the light of our present knowledge of the art of mixing 
and proportioning gas and air for securing the correct 
combustion for metallurgical work. 
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THE Puppiine Process 


The cycle of operations in the production of a heat or 
puddle ball will be described in the order of their occur- 
rence and it will be noted that the sequence is the same 
as in the hand puddling process generally. The making 
of the bottom or furnace lining is accomplished by first 
heating the lining to a temperature of 2400° F. and then 


Fig. 3—Front view of 800-lb. Ely puddling furnace with 
door open, showing port lining. ; 


introducing a quantity of iron turnings and ferric oxide 
‘in small pieces into the furnace chamber. The furnace 
is now rotated while the high temperature is maintained, 
and the fettling or ‘‘fix,’’? which softens and finally flows 
freely while the furnace is rotated, adheres in a solid 
coating to the magnesite lining of the furnace. A mixture 
of brown and red hematite ore is used to seal the edges 
of the lining around the ports where they are exposed. 


6 
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A furnace lining such as this, when properly made, re- 
sults in a wear-resisting bottom about 14” thick, which is 
maintained at intervals as required by the repetition of 
this process in whole or in part. 

After the lining of the furnace is thus prepared a quan- 
tity of roll scale and cinder is shoveled in and after it is 
partially melted or fused the furnace is rotated until the 
door is on top, which is now opened and the charge of 
molten pig iron poured in. The size of furnace, of course, 
regulates the amount of the charge, which according to 
present practice ranges from 750 Ibs. to 850 lbs. of molten 
iron. 

As soon as the charge is poured in, the door is closed 
and the furnace rotated enough to cause the slag, which 
is now fluid, to flow to the door sill and jambs and seal 
the furnace door tightly. The temperature of the fur- 
nace is now maintained with a reduction in the air supply 
in order to bring on the ‘‘boil.’? During this period the 
furnace is oscillated through an are of about 60° and roll 
seale is added through an opening alongside of the oil or 
pulverized coal burner pipe. The addition of roll seale 
lowers the temperature, which is necessary to prevent 
holding the phosphorus in the metal. In other words, the 
elimination of phosphorus must precede the elimination 
of carbon. Now the furnace is rotated several times to 
mix the thick slag with the metal until all of the slag is 
again fluid, when the entire charge begins to puff up and. 
rise to the ‘‘boil.’’ 

The boiling cycle presents a very beautiful reaction be- 
tween the metal and the slag, causing the carbon monox- 
ide gas which is formed to burst through the viscous slag 
in small jets of bluish white flame. The fact that the 
slag is viscous causes it to retain much of the gas on its 
way through the charge, which in turn causes the whole 
mass to rise, or ‘‘boil.’? The temperature of the charge 
at this period is about 100° C. above the furnace tempera- 
ture, which is around 2500° F. It is during this period 
that some of the decarbonization takes place, the reaction 
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going on at every surface of contact between the metai 
and the slag. 

As the boiling period recedes the metal commences to 
‘“‘come to nature,’’ with a lowering of temperature of the 
charge. During this period the furnace is oscillated con- 
stantly in order to break up the slag film and expose the 
granules of the metal to the decarbonizing action of the 
slag and flame. 

When the metal has fully come to nature, the furnace 
is rotated to form the mass into a ball and at the same 
time the furnace temperature is maintained at a welding 
heat, so that the particles of iron are homogeneously 
welded together and the slag maintained fluid. The 
charge while boiling is carefully observed for. uniformity 
of temperature and when this state is reached balling 
generally is complete and the ball is discharged by open- 
ing the door and so rotating the furnace that the ball 
slides out of it and over the door to a suitable conveyor 
for carrying it to the squeezer. 


GENERAL CHEMISTRY OF THE PROCESS 


The characteristic difference between wrought iron and 
steel results from a more complete elimination of the — 
metalloids than is practiced in ordinary steel making 
processes, together with the fact that the elimination 
takes place in the presence of and chiefly by the action of 
a basic cinder, wherein iron oxide makes up the chief base 
with manganese oxide, phosphoric acid and silica in 
lesser proportions. The cinder and slag both in quan- 
tity and composition, it will be observed, are of much im- 
portance in carrying on the process successfully. <A large 
amount of slag shields the metal and prolongs the opera- 
tion; too small a quantity of slag causes too high a con- 
centration of impurities and prevents, therefore, their 
uniform elimination. The slag must be easily fused, that 
is, below the melting temperature of pure iron, 2786° F., 
to facilitate welding and assist in the purification of the 
pig iron. The ore used for fettling should have a low 
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silica and phosphorus content and the best flux seems to 
be the roll scale from muck and finishing mills, and 
squeezer. 

Pig iron which puddles readily should contain not over 
2% silicon, about .06% sulphur, and a maximum of .8% 
phosphorus. Irons having a high silicon content delay 
the elimination of phosphorus. About 50% of the initial 
phosphorus content of the melted pig iron is eliminated 
by the puddling process, so that. the specification require- 
ments of the finished iron will determine the phosphorus 
content of the pig iron. Sulphur makes iron hot-short 
and it should be no higher in the pig iron than is desired 
in the finished iron. 

The essential feature in the successful carrying out of 
the Ely Process of puddling is the addition of slag form- 
ing ingredients of such a nature and in such proportions 
that the slag, while viscous enough to stick to the iron, 
will not be so basic as to require extremely high heating 
for producing welding in subsequent operations. Sili- 
cious cinder forms an excellent means of diluting a too 
basic cinder. 

Tabulated herewith are the observed periods of time, 
in per cent of the total, showing the process of elimina- 
tion of carbon and the other metalloids :— 


Carbon Content Time consumed 
at the end of in % of 
Period of Process each stage total time 
Kemoval of Bice, Paes @ ace eee 3.00% 5% 
Et heh olan. a cise te seek be iene heer 2.00% 15% 
Low (Poll pets torneo eee 1.50% 15% 
Gratin o=29, oni: oe ee ee 90% 13% 
Deearbonization and welding ........ 10% 40% 
Ballin» $e es aoe ae aka ene ee nee ae 04% 12% 


The total time required for the puddling of a heat of 
750 Ibs. to 800 lbs. of molten pig iron is 35 minutes under 
average conditions. — 


Kconomic Aspects oF THE Ex.y Process 


Because of the size of ball produced by the present Ely 
Furnace, it is a low cost furnace to install; and likewise, 
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the handling and semi-finishing machinery of an Ely me- 
chanical puddling plant is low in first cost. It lends itself 
in its present size to the production of a larger volume of 
wrought iron products without requiring exorbitant car- 
rying charges, as is apt to be the case with plants and 
equipment able to handle blooms of several times the 
weight of the puddle ball now produced, which charges in 
the author’s opinion are not justified by the subsequent 
treatment of the wrought iron produced. _ 

It is comparatively easy, because of the structural de- 
sign of the furnace, to build furnaces which will fune- 
tion like the present furnace, proportioned to the class 
of work which will be handled on the finishing mills. 

The costs of conversion from pig iron to puddle bar 
are made up of items in which the skilled labor element 
is relatively low compared to the hand process of pud- 
dling. Thus the melting of the pig metal, where molten 
pig iron from a blast furnace is not available, is accom- 
plished best with a battery of cupolas on which unskilled 
labor can be employed. 

The handling of the puddle furnaces is simplified by 
having one puddler and two assistants operate two fur- 
naces. 

The production of as large blooms as may be required 
by the nature of the finished product produced reduces 
the cost of semi-finishing per ton. 

The practical working of the Ely Process has demon- 
strated that it is possible to produce commercial sections 
of wrought iron directly from billets produced at the 
muck mills by simply reheating and rolling, which effects 
considerable saving. 

A representative example of 1” round iron bars made 
in this manner from 4” x 4” billets produced on the muck 
mill shows a tensile strength of 48,900 lbs. per sq. in., 
an elongation of 32.5%, and a reduction in area of 50%. 

The author is of the opinion that many other shapes 
and sections can likewise be produced directly without 
piling and fagoting, to the end that iron so produced will 
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be of lower cost than it has been by the use of other proc- 
esses. 


Auxittary EqurepMENT To THE Hiy Puppiina FuRNACE 


The squeezer for handling a puddle ball weighing 
around 800 pounds requires special attention, and the 
usual type of Burden squeezer falls short of meeting the 
requirements of handling this mass of metal by reason of 
the losses occasioned, the principle of its operation, the 
labor of attention, and delays. 

An examination of the methods and machines which 
have been used for squeezing the ball discloses types of 
squeezers such as that patented by Danks in 1873 con- 
sisting of three rolls between which the ball was kneaded, 
the horizontal scroll squeezer patented by Thorneycroft 
in 1843; and a modification of the Thorneycroft squeezer 
by Day in 1923 consisting of a single revolving drum and 
scroll casing similar to a Burden squeezer built horizon- 
tally; yet none of these types of machine seems to give as 
satisfactory results as the hydraulic squeezer press. 

The squeezer press, in the author’s opinion, is best 
adapted for the removal of the excess of slag and for 
shaping the ball to a uniform cross section quickly, be- 
fore entering the first passes of the muck rolls. The at- 
tenuation of the slag filaments, the squeezing out of the 
excess cinder, and the working of the iron into its semi- 
finished form, should proceed together and this is best 
accomplished by quickly forming the ball, so that it can 
enter the muck rolls where these processes of a 
and forging do go on simultaneously. 

The muck mill, as it is called, generally consists of a 
three high, two ere in train, rolling mill designed to 
handle the puddle bloom from the squeezer and convert it 
into flats or billets. Because of the greater weight of the 
mechanically puddled bloom it is advisable to provide 
lifting tables of simple design, to make it possible to rap- 
idly work the iron from the time it enters the mill until 
finished. Rapidity of all of the processes in the handling 
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of the puddle ball to billet or flats is a prime essential in 
the production of good uniform wrought iron, and the 
Saving in time brought about by the use of mechanical 
means of conveying, and handling at the squeezer and 
muck mill, is fully repaid by the results obtained. 

The importance of the layout of the plant equipped for 
mechanical puddling cannot be too strongly emphasized. 
The Ely Furnace adapts itself to a symmetrical and eco- 
nomic layout. Designed so that they can be operated in 
pairs, as they are, makes symmetrical grouping possible 
and the plant should be laid out and the equipment so 
installed that there are no right angled turns required to 
be given to the puddle ball from the time it leaves the 
furnace until it emerges from the muck mill as semi-fin- 
ished wrought iron. 

It is customary and important that the waste heat from 
the puddling furnace be utilized for the generation of 
power for operating the mill. This should be accom- 
plished by leading the waste gases from the furnaces by 
a common flue to the boiler plant, rather than by the use 
of a waste heat boiler at each furnace as is now the gen- 
eral practice. 

In conclusion, it is the author’s opinion that the Ely 
Furnace occupies the position in the field of mechanical 
puddling of being adaptable and flexible in its application 
to existing wrought iron works and therefore it should be 
of practical and economic worth. 

Many uses exist today for commercial wrought iron at 
a reasonable price and it is confidently believed that 
through the medium of mechanical puddling this excellent 
structural material will again assume its proper place in 
the arts, with both profit to its developers and satisfac- 
tion to its users. 


Tue Cuarrman (Mr. E. A. 8. Clarke): The next paper 
is ‘‘The Roe Puddling Machine,’’ by Mr. James P. Roe, 
General Superintendent, Reading Iron Company, Read- 
mea. 


THE ROE PUDDLING MACHINE 
James P. Rox 


General Superintendent, Reading Iron Company, Reading, Pa. 


The associated paper ‘‘ Wrought Iron,’’ by Mr. H. KE. 
Smith, has opened the way for me to refer broadly to 
the process of puddling iron, as now commonly practiced, 
as a prelude to the outline of the puddling machines we 
have developed at Reading. 

The old wrought irons, both charcoal and puddled iron, 
were largely made before the days of analysis and were, 
therefore, the product more of skill than science, and this 
remains so to this day. 

The feature that I desire to emphasize above all others 
is the analogy between the process as carried out in the 
hand-puddling furnace and that of the mechanical fur- 
nace in Reading. This was the guiding thought in the 
effort to produce iron mechanically, that is, the analogy, 
without trying to explain all that takes place in a hand 
furnace. 

The ordinary double puddling furnace used in Reading 
as outlined in section is of simple construction—a fire 
chamber, the working hearth, and the flue. The bottom 
of the hearth is composed of pure oxide of iron resting 
upon a cast-iron air-cooled bottom. The sides of the 
hearth are formed of iron ore, technically known as 
‘‘fix.’? The weight of charge for this type of furnace is 
1200 pounds, and five heats constitute a full turn’s work 
when running two turns per twenty-four hours. 

The process itself is in keeping in simplicity with the 
furnace. After the pig iron is charged, the puddler en- 
deavors to fuse the whole charge as nearly at one time 
and at as low a temperature as possible. This is accom 
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plished by moving the pigs about with a paddle, thereby 
exposing fresh surfaces to the flame and the dissolving 
_ influences of the cinder bath. The fusion of the pig iron 
and part of the puddle cinder remaining after the work- 
ing of the previous heat takes place simultaneously at a 
temperature of about 2150° F. The cinder produced dur- 
ing the melting oxidizes and absorbs a large portion of 
the silicon and manganese. As the temperature in- 
creases, rapid decarbonization takes place, giving off a 
large volume of carbon monoxide gas, which causes the 
bath to swell and to produce what is known as the ‘‘high 
boil.”? Vigorous agitation of the bath is vitally impor- 
tant throughout the process, to produce uniform con- 
ditions in all parts and prevent any portion continuing 
to rest upon the relatively cool bottom. During the high 
boil, individual grains of iron can be seen moving about 
freely in the surrounding cinder. When the elimination 
of the carbon is nearly completed, the boiling subsides 
and the apparent volume of cinder is reduced; this is 
known as the ‘‘drop.’’ The grains of iron, each envel- 
oped in cinder, form clusters, from which the excess cin- 
der drains off and rests tranquilly on the bottom. The 
iron at the bottom of the furnace is naturally cooler than 
that above. This necessitates turning over the spongy 
mass, and, while this is being done, it is parted into indi- 
vidual balls and then ‘‘drawn”’ and taken to the squeezer. 

Skillful firing is of the first importance, as on it rests 
the proper carrying out of the process. Hmphasis should 
also be given to the importance of suitable cinder. Proper 
cinder is vital throughout all the stages. Its composition 
is controlled by additions, the temperature and character 
of the gases (these being regulated by the condition of 
the fire and the position of the damper), and by the ab-' 
sorption of some of the cinder and fix. During the major 
portion of the heat, the iron is in a plastic or semi-plastic 
condition, and it is the continuous stirring and breaking 
up of this mass that makes the puddler’s task such an 
arduous one. 
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To puddle iron successfully by mechanical means, it is, 
of course, necessary to approach as near as possible to 
conditions in the hand furnace. In other words, it means 
being able to mix the iron and cinder intimately, to be 
able to expose every part of the sponge to the heat, and 
to have full control of cinder and flame conditions. The 
use of molten iron from a mixer, molten cinder from a 
separate melting furnace, and gas as fuel permits perfect 
control of these essentials. 


Fig. 1—Roe puddling machine, longitudinal section. 


The real problem was agitation, or to accomplish with 
mechanical means what the puddler does with the rabble. 
The Roe puddling machine now in operation at Reading 
was designed to fulfill these conditions, which it has done 
most successfully. 

The furnace proper is rectangular in shape, 12 ft. wide 
and 24 ft. long. It is supported by two hollow trunnions, 
one on each side, each resting in roller bearings set on 
top of columns, the furnace oscillating between these col- 
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umns through an angle of 120°. This rocking is accom- 
plished by means of suitable gearing and motors and is so 
arranged that the movement can be rapid or slow, to suit 
the different requirements. Through the hollow trun- 
nions the gas and air are admitted on both sides, meet in 
the middle, pass to both ends, and find their exit through 
two stacks at each end, which converge above the furnace, 
extend out transversely, then down to the axis, and from 
there underground through a recuperator to the stack. 
The door forms the whole of one end of the machine. 
It is suspended by hinges at the top and connected at the 
bottom by side rods to a hydraulic cylinder under the 


Fig. 2—Roe puddling machine, cross section. 


bottom, and is securely locked by means of hydraulically 
operated wedges passing through the sides of machine 
and side rods. 
The substructure of the bottom is composed of a series 
of rectangular pipes through which water passes. Upon 
these pipes magnesite bricks are laid on edge, and on 
these fluid cinder is charged. This cinder is of the same 
character as that used in the hand furnace. The sides 
and end of the furnace are composed of magnesite: brick, 
while the roof is ordinary fire brick. In this connection 
it may be stated that one-half the area of the bottom, 
namely, 144 sq. ft., has the same ratio to the weight of 
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the iron puddled as that of a hand puddling furnace, and 
the form, shown in longitudinal section, is flat in the 
middle, which is tangent to the end portions, resulting 
in the extreme ends of the bottom being notably higher 
than the middle portion. 

The process is, briefly, as follows. It has already been 
stated that the working bottom is formed of pure oxide 
of iron. This is derived from a small tilting open-hearth 
furnace in which it is melted, then poured into a cast- 
iron ladle and charged into the puddling machine through 


Fig. 3—Roe puddling machine, showing operating side with front end 
depressed. 


a hole in the side near the rear and flowed uniformly over 
the bottom, where it rapidly congeals, as its temperature 
of fusion is high. Following this the puddling cinder, 
melted in the same type of furnace, is charged in the 
Same manner and flowed over the bottom and over the 
door joint, where it congeals and forms a liquid-tight 
joint, due to the bottom of the door and the sill being 
water-cooled. Immediately after this, molten iron from 
a mixer is charged. After one rapid motion the oxidizing 
agent, roll scale, is charged by means of a long spoon, 
which, when inserted, extends across the whole width 


THE ROE PUDDLING MACHINE—ROE Boe 


of the furnace and distributes the scale uniformly 
throughout same. The addition of the scale is continued 
until in the judgment of the puddler sufficient has been 
charged. Between spoonfuls the machine oscillates rap- 
idly about 45° each side of the horizontal. During this 
period air and gas are shut off, producing an oxidizing 
atmosphere in the furnace, and during which time the 
whole of the silicon and manganese are oxidized. Gas 
and air are then admitted, and, as the temperature in- 
creases, the reactions become apparent and increase in 


Fig. 4—Roe puddling machine, showing stack connexion side with door 
end elevated. 


intensity until the high boil is attained, which is the 
period of the most rapid decarbonization, during the 
whole of which the machine is moved rapidly, producing 
violent agitation of the whole bath and turning it over 
at each end like combers or waves of the sea, with inter- 
missions between each successive five or seven oscilla- 
tions. As evidence of the drop appears, that 1s; when 
most of the carbon has been eliminated, the motion is 
changed to an extremely slow one, and at a somewhat 
less angle, the object now being to prevent the plastic 
and partially refined mass from going together, as, should 
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it do so, the center of such mass would not be completely 
refined. This is a most vital feature—to keep the iron 
sponge open at this period—and one which the particular 
form of bottom is specifically intended to attain. It is 
evident that the iron sponge conforming to the curved 
bottom toward the end will open up the top portion as it 
passes over the flat portion in the center; similarly, when 
it passes from the flat portion in the center to the curved 
portion at the end, it opens up the lower portion. An 
equally important feature is the maintenance of a hot 


ig. 5—Roe puddling machine, showing stack connexion side with door 
end depressed. 


bottom. This is accomplished by not permitting the bath 
to cover more than half of the bottom, thus exposing the 
other half to the heating agents. This feature of work- 
ing on a hot bottom avoids the necessity of turning the 
mass over as in the ordinary puddling- process. After 
the whole reaction ceases in the mass, two rapid oscilla- 
tions of the machine roll the heat up into a roughly 
formed cylinder, after which it is drawn in one mass, 
falling by gravity onto a wall crane. The door is then 
closed, the puddling cinder charged as before described, 
and the cycle repeated. 
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The whole period of making a heat averages sixty min- 
utes. Again the analogy, as this time corresponds with 
the same reactions and actions as in the hand furnace, 
while the weight of heat is five to six times as great, or 
about three gross tons. Of recent years, when operating, 
they have averaged a thousand tons per furnace per 
month, an equivalent to the product of ten ordinary 
double puddling furnaces; that is, the productive effort 
of a skilled puddler is increased twenty-fold. 

A heat in the ordinary puddling furnace is divided into 


Fig. 6—Birdseye view of Roe puddling machine, showing converging 
stacks. 


several balls, each weighing 200 pounds, more or less. 
To remove the excess cinder, these balls are squeezed, 
usually in a rotary squeezer. The resulting bloom is 
rolled into muck bars, which when cold are sheared to 
proper lengths, made up into suitable piles, heated, and 
rolled into the various finished products. On the other 
hand, in the puddling machine under discussion, the ball 
is removed as a whole and squeezed in a hydraulic 
squeezer having movements in the two horizontal and the 
vertical directions. All facing plates that come in con- 
tact with the ball have spaces between them through 
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which all excess cinder finds ready egress. The iron as 
drawn carries with it cinder, held by cohesion, envelop- 
ing the individual grains, and an excess contained in the 
many interstices of the sponge. It is this excess cinder 
that is removed; that held by cohesion can only be re- 
moved by gravity when the iron and cinder are both 
fused. 

At present the bloom after it leaves the squeezer is 
sheared transversely into smaller blooms, which are 


30°2" 


Fig. 7—Squeezer, half cross section, half front elevation. 


wash-heated, rolled into muck bar, sheared, piled, and 
so forth, exactly as in the case of the hand-puddled 
blooms. This is done only because we have no blooming 
mill. This we contemplate installing. . 

The analogy between hand puddling and mechanical 
puddling should cease with the squeezed bloom. It is 
both commercially and metallurgically wrong to go 
through the muck bar stage. It is better to squeeze the 
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bloom to sizes suitable for rolling on a blooming mill, 
roll to any section desired, and cut to weight required 
in the finishing mills, these blooms to take the place of 
piles made up of muck bars. From a metallurgical 
standpoint this is also a better procedure, as it largely 
eliminates laminations, an inherent defect of wrought 
iron piled from small units. It may be stated that funda- 
mentally the sole reason for piling muck bar in the pres- 
ent mode of making iron is that no mass could be pro- 
duced by human effort large enough to give the necessary 
work or reductions of section to the finished product of 


Fig. 8—Squeezer, longitudinal section. 


appreciable size. We have worked enough iron in this 
manner to be sure of its entire feasibility. 

. The iron made in the Roe mechanical furnace is not a 
new material. It is the old puddled wrought iron as-it 
has been made for a century or more, a material that his- 
tory has proved to be the most reliable, and like it, it 
must be made from virgin material—scrap does not 
make puddled iron. 

It has been stated that skill plays the major role in 
puddling; therefore, the opinion of the men who have 
operated. these machines is of importance. They say, 
‘‘Tt is the way to puddle,’’ and it is not only the best way, 
it will be the only way until a reaction from the present 
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desire for and worship of leisure drives youth to seek 
arduous effort. 

The metal practice is good, there being an average 
gain of 20 per cent from pig charged to squeezed bloom; 
this gain is obtained by the reduction of the oxide of iron 
present in the roll scale and the cinder charged. The 
present lining gives good life, and mechanically the ma- 
chine stands up well. 

There are a few representative samples of the product 
on the table, and we now exhibit some on the screen. 

(1) Samples of 1” round bars, one hand puddled, the 
other machine puddled, both from the same cast from 
the blast furnace. 

(2) A 2” bent pipe with analysis and photo-micro- 
graph. The two photo-micrographs shown exhibit the 
greatest and the least amount of cinder in the section. 
While analysis is good, it is not exceptional; the success- 
ful bend of such extreme character is due to thorough 
agitation and the resulting fine grain. 

In this connection I may mention an experience with 
the United States Shipping Board. Some pipe which the 
Reading Iron Company shipped them for difficult bend- 
ing failed, a replace lot also failed, then pipe made of Roe 
puddled iron was sent them; this stood up. The United 
States Shipping Board sent a sample selected at random 
and without our knowledge to the Bureau of Standards, 
which reported it to be an exceptionally high grade of 
wrought iron. , 

(3) Photo-micrograph by Professor MecIntosh.* 

It is proper to quote Professor McIntosh’s conclusions: 
‘‘Tt is believed, as a result of the work covered by this 
report, that the Roe Mechanical Puddling Furnace pro- 
duces a wrought iron which can be worked directly into 
products such as pipe and bar iron and produce a mate- 
rial that is superior to standard hand-puddled wrought 
iron.’’ And it is also fitting to quote Professor Water- 


_ “Professor McIntosh, Professor of Metallurgy, Carnegie Institute of Technology, 
Pittsburgh, Pa. 
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house,y as follows: ‘‘The reactions of the process closely 
paralleled those of the ordinary puddling process with 
the added advantages that the work is being done on a 
hot hearth, that better agitation and mixing are possible, 
and that the cinder and gas conditions are under as good 
if not better control. A very important feature is the 
greatly increased metallic yield compared to the ordinary 
process. . . . [am very much impressed with the clear 
evidences of good quality of the metal as produced at 
present, also the fact that all the basic problems have 
been worked out for the design and construction of a 
plant that will allow the production of wrought iron of 
superior and more uniform quality than that now made 
in the hand puddling furnaces, and on a scale approach- 
ing that of steel production.’’ Both these gentlemen were 
present at the plant for sufficient time to fully grasp the 
working of the machines and the reactions of the process. 

It should be stated that this iron is used alone, that is, 
100 per cent Roe process iron—first, for observation to 
obtain data; second, that we do not want it blamed for 
the faults of what it might be mixed with; and third, to 
avoid the possible inference on the part of others that 
this iron requires support. 

I desire to conclude by again emphasizing the vital im- 
portance of thorough agitation and that this machine 
agitates the whole bath more than is possible by human 
power. This becomes evident to those who witness the 
operations. 


THe Cuarrman (Mr. EF. A. S. Clarke): Our next paper 
is ‘‘The Problem of Wrought Iron Manufacture and a 
New Process for Its Production,’’ by Mr. James Aston, 
Metallurgist, A. M. Byers Company, Pittsburgh, Pa. 

No discussion has been arranged on these papers, but 


+ Professor Waterhouse, Ph.D., Massachusetts Institute of Technology, Cam- 
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after the conclusion of Mr. Aston’s paper I may call upon 
one or two gentlemen who are experts in wrought iron 
processes for some comment. 

Mr. Aston: Mr. Chairman and gentlemen: I have no 
illustrations in connection with the paper, but there are 
available for observation by those who are interested a 
few samples showing particularly the character of the 
sponge which is formed by the process which will be de- 
scribed in connection with my paper. 


THE PROBLEM OF WROUGHT IRON 
MANUFACTURE, AND A NEW PROCESS FOR 
ITS PRODUCTION 


JameEs ASTON 
Metallurgist, A. M. Byers Company, Pittsburgh, Pa. 


No elaboration upon the utility or merit of wrought 
iron is needed at this time. Many of you have been grad- 
uated from the ranks of its producers and know it by past 
intimate contact. The synonymous linking of ‘‘ wrought 
iron’’ and ‘‘quality’’ for certain classes of service is an 
effective recognition of its hold on industry. 

The Age of Steel came as an inevitable result of the 
great tonnage and low cost attached to bessemer and 
open-hearth operations. It has seemed almost axiomatic 
that quality wrought iron should be linked with small unit 
outputs and laborious effort in view of the general lack 
of success in the past in mechanical puddling develop- 
ments. Because of wider opportunities, technical skill 
has largely gravitated to the steel industry, and there has 
been a seeming lack of incentive and promise of reward 
in the wrought iron field for those minds which have 
made the steel industry the outstanding economic factor 
that it is today. 

With the advent of the bessemer process, predictions 
were freely given that the funeral dirge for puddling 
operations was being sounded. However, these were 
made over a half century ago from a viewpoint of pro- 
duction and costs, and taking it for granted that the con- 
verter product would meet the exacting requirements of 
many classes of service. But time alone could decide an 
issue asmomentous as this. Today, long after the corpse 
should have been interred, we find the wrought iron in- 
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dustry firmly entrenched to satisfy the need and demand 
for products which require high welding and threading 
qualities, and superior ability to withstand the fatigue of 
shock and vibration, and the ravages of corrosion. This 
is in the face of acknowledged limitations in the method 
of production and an accompaniment of high costs in 
comparison with like steel products. 

There is universal recognition among manufacturers of 
wrought iron that high cost, as compared with steel, is the 
chief retarding influence to a steady and generous expan- 
sion and diversification, which are essential to a healthy 
state of the industry. The evident merit of wrought 
iron products for severe service conditions has resulted 
in steady growth for those firms which have remained in 
the field to supply the need. But it is apparent that ex- 
pansion cannot be at .a rate comparable to that of the 
steel industry so long as manufacture is restricted to 
small units and is hampered by a high labor charge. 

Lessened cost will potentially create demand. Conse- 
quently the dual need of the industry is lower cost ac- 
companied by proportionate possibilities in tonnage. On 
the contrary, tonnage capacity without lowered costs 
might for the long pull be a poor investment. 

With growing scarcity and mounting cost of labor 
there has been a strong temptation to resort to subter- 
fuge methods of manufacture to lower prices to meet 
competition. While so-called wrought iron, made from 
scrap busheling, has an established economic position, as 
shown by production and demand for certain uses, there 
is no doubt that adulterated products masked under the 
title of ‘‘genuine wrought iron,’’ have harmed the indus- 
try as a whole and have in many instances blackened the 
reputation of the true article. Certain manufacturers 
have been scrupulous regarding the quality of their out- 
put, and they cannot be criticized for fighting strenuously 
against shady practices. 

There is a false impression that wrought iron manu- 
facture has not progressed from old ‘‘rule of thumb”? 
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methods. It has kept step with the steel industry in the 
selection of proper raw materials, in control of quality 
and in knowledge of product, through the agency of chem- 
ical, physical and metallographic tests. The mechanical 
equipment of mills has, where practicable, been put upon 
an efficient operating basis. Unfortunately there has 
been no possibility of exercise of great control over the 
heart of the industry—the puddling operation—except 
by furnishing the proper pig iron and other ingredients 
for the puddler to work with. The skill and effort of the 
man have remained paramount. 

There is little exaggeration in saying that every one 
who has been identified with the wrought iron industry 
has dreamed of a plan by which laborious hand puddling 
eould be eliminated; and each has held the opinion that 
such a plan would work, except the puddler himself. The 
puddler has looked on with contempt and a feeling of 
security. Mechanical puddling has been a subject of in- 
vention and experiment throughout the existence of the 
wrought iron industry. Many of the efforts along these 
lines have been doomed to failure because of deviations 
from the principles of good engineering and metallurgy; 
but some of the earlier attempts were quite in line with 
more successful efforts of later date; and to some extent, 
at least, the failures were due to lack of knowledge of 
refractories and to ignorance of facts disclosed by later 
developments in chemistry and metallurgy. 

While reduction of cost and increase of tonnage have 
been stressed as paramount issues, such accomplishments 
are to a large extent futile if maintenance of or possible 
improvement of hand puddling quality is lacking. A 
knowledge of wrought iron characteristics from the in- 
nermost anatomical aspects is essential to this end. It 
has necessitated, in our efforts, the development of meth- 
ods of analysis and of tests far more comprehensive than 
those conducted in customary laboratory practice. 

Metallurgists today recognize wrought iron as consist- 
ing of a highly refined base metal and a small percentage 
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of the refining slag, the two being minutely intermingled 
in a purely mechanical association. Steel has, or may 
have, the characteristics of the wrought iron base metal ; 
but fusion throughout the heat results in permanent sep- 
aration of the slag. Fusion of wrought iron results in a 
like separation of the slag-and its virtual conversion into 
steel. In steel all of the metalloids are alloyed with the 
base metal; while wrought iron is a composite material 
with the associated elements distributed between metal 
and intermingled slag. 

Quality standards for wrought iron are: 

(a) A base iron uniformly refined to the proper de- 
gree, particularly to low content of carbon, sulphur and 
manganese. 

(b) About two or three per cent of intermingled slag, 
a ferrous silicate in type. 

(c) A uniform and thread-like distribution of the slag 
approximating several hundred thousand filaments to the 
square inch of section. Such distribution comes from the 
effort of the puddler in disintegrating the mass, the size 
of the mass, and the ‘‘work’’ put upon it in the rolling 
mill. 

The fundamental features in puddling a heat of iron 
are: 

(a) To melt and refine the base metal. A charge of 
560 lbs. of pig iron is worked by two men for 134 hours 
on a cinder and ore hearth, and with roll scale flux. 

(b) To produce and keep molten a proper slag. This 
is a natural result of the reactions between charge, flux 
and furnace lining. 

(c) To granulate or disintegrate the base metal, and 
incorporate with it the desired slag. The metal must be 
a solidified sponge, and the slag a liquid filler. 

In the hand puddling method, these operations are con- 
current in one furnace. The same is true of most me- 
chanical puddling as attempted or practiced up to this 
time. Scrutiny will show that steps (a) and (b) are like- 
wise a part of steel making in bessemer, open-hearth, or 
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electric furnaces. Fundamentally, the special skill and 
need of the puddler, and the line of demarcation between 
wrought iron and steel manufacture, is in step (c). To 
_ properly accomplish this feature, without departure from 
the essentials set up in the listing of quality standards, 
is the crux of the problem. 

The change from hand to mechanical production of 
wrought iron must hold in focus certain features, some 
of which are essential to successful operation and others 
are ideals which it is desirable to attain or embody in the 
method. They are: 

(1)—Maintenance of quality is fundamental. 

(2) —Lessened cost is essential; the closer the approach 
to steel cost, the more successful the accomplishment. 

(3)—Tonnage ratings approaching the magnitude of 
the steel industry are desirable. 

(4) Large unit masses paralleling those of steel mak- 
ing are preferable. In this manner the benefit of work 
can be obtained by steel mill blooming and rolling equip- 
ment and without the expense of existing practice in re- 
piling and rehandling of metal. 

(5)—Uniformity of quality throughout a heat or mass 
is essential. 

(6) —Latitude in the selection of raw materials is pref- 
erable in a manner corresponding to the flexibility of the 
open-hearth furnace. 

(7)—Control of each step of the operation is highly 
desirable, even with variations in charge materials. 

(8)—It is inadvisable to subject highly heated equip- 
ment or refractory linings to the stresses of movement 
or shock. 

(9)—It is desirable that equipment and operations 
should fall in line with the proven developments of the 
steel industry and the available skill and experience of 
its labor. 

Even the optimist must concede that attempts at me- 
chanical puddling have fallen short in greater or less de- 
eree of meeting the conditions cutlined. Practically 
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without exception attention has been focused upon a me- 
chanical imitation of the manual operations in the pud- 
dling furnace, rather than upon a synthetic method to 
reproduce the composite nature of the product. Most of 
these ideas have been foredoomed to failure and history 
is an almost unvarying record of abandoned efforts. 

The chief obstacle to mechanical puddling has been a 
lack of uniformity in different heats or throughout the 
mass of any one heat, even with rigid selection of the 
charge. Blooms having unrefined portions and deficient 
in properly distributed slag have been a frequent ocecur- 
rence, largely because the nature of the partially refined 
metal and the action of the mechanism tend to aggregate 
and compact the mass at a time when disintegrating in- 
fluences should predominate. In general, the larger the 
charge or bloom, the greater were the obstacles to secur- 
ing the desired uniformity of refinement and slag dis- 
tribution. Lack of uniformity necessitated repiling in an 
attempt to average the varying quality ; consequently the 
advantage of heavy rolling reductions on large masses, 
and elimination of repiling, was lost. 

Lack of control and costly maintenance of furnaces 
have been serious handicaps. Equipment has seldom 
been of standard types, and in many cases has been of a 
very specialized character and at variance with estab- 
lished principles in steel making. In general, mechanical 
puddling has not shown lowered costs to the desired or 
expected degree. 

Certain developments have reached a commendable 
degree of success, although it is the opinion of the writer 
that the methods are working against basic handicaps 
and are not following sound, fundamental principles. 

For several years the writer has been identified with 
an experimental development which has been designated 
by his name. It is the result of long study of the under- 
lying nature of wrought iron and is a radical departure 
from the beaten track of mechanical puddling. The fun- 
damental idea that wrought iron consists of a Slagless 
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base iron in mechanical mixture with slag in a minute and 
uniform state of division was definitely established by 
many tons of material produced by busheling steel chips 
in a bath of slag. However, there were obvious economic 
and operating disadvantages in attempting to base pro- 
duction upon machine formation of chips, or by use of 
cold granules. 

The process as developed produces wrought iron syn- 
thetically in several independent but interlocked steps. 
The base metal may be produced in established steel fur- 
naces—bessemer, open-hearth, or electric—to specifica- 
tions readily attainable from usual charges and with 
available labor and standard practices. 

The slag may be easily melted in standard types of fur- 
naces. A cupola has been found very satisfactory. Any 
desired composition may be secured from readily avail- 
able raw materials, such as iron ore, roll scale, and sand. 

The disintegration of the metal, or ‘‘shotting,’’ is the 
keystone of the process. It is based upon natural princi- 
ples which are as sound as the law of gravity. The molten 
metal has a solidification point about 2730° F. The slag 
fuses at about 2100° F. Therefore, fused slag is a chill- 
ing agent for fused iron. Furthermore, as you well know, 
liquid steel carries large amounts of gases in solution, 
which are liberated upon solidification at a rate propor- 
tional to the speed of freezing. When the molten iron is 
poured into a bath of slag, there is almost instant solidifi- 
cation of the metal and a gas liberation of such force that 
the metal is comminuted into particles. These particles, 
because of their higher specific gravity, settle and collect 
at the bottom of the slag bath in a spongy, porous mass | 
entirely similar to a well worked puddle ball. Naturally, 
in the heat interchange, the slag not only remains liquid 
but becomes hotter, and permeates all of the interstices 
of the metallic mass. are 

With proper proportions of metal and slag, final tem- 
perature equilibrium may be reached at 2500° to 2600° F., 
which is a welding heat for iron. The excess slag may be 
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poured or drained off and the mass compacted into a 
solid bloom in a squeezer or press. It is important that 
the final temperature equilibrium should be safely below 
the fusion point of the metal, otherwise the last portions 


poured may remain liquid and coalesce as a steely, slag- - . 


less area in the bloom. Roughly speaking, three volumes 
of slag to one of metal will accomplish the desired end; 
or cold, powdered slag additions during shotting will 
check the excess rise of temperature. 

Experiments have been in progress for several years 
at the works of the A. M. Byers Company, Pittsburgh, 
Pa., while the existing experimental plant has been oper- 
ated since February, 1920. This plant has a half-ton elec- 
tric furnace for refining the metal, a cupola furnace for 
melting slag, and a 500-ton steam hydraulic press for 
squeezing the blooms, together with ladles, molds, and 
auxiliary equipment. About 850 heats have been made, 
producing as a rule blooms weighing about 800 Ibs., but 
varying from 300 to 1000 Ibs. in the range of experiments. 
The molten slag is run into an unlined, bottomless, square 
cast iron mold, similar to an ingot mold, standing upright 
upon a car. The metal is poured from a standard, bot- 
tom pour ladle and falls six to seven feet before entering 
the slag. The speed of pouring is in line with regular 
steel practice and the operation is therefore completed 
almost in the manner and time of ingot casting. With- 
out delay, the surplus slag is drained through a trap door 
in the car bottom. The mold is pushed under the press 
ram, which roughly fits the mold section, and the con- 
tained sponge is squeezed and welded into a bloom suit- 
able for rolling. 

The 850 heats made cannot be claimed to have been an 
uninterrupted series of successful performances. Much 
had to be learned regarding proper conditions of opera- 
tion and functioning of equipment. Trials were carried 
to limits of metal composition, etc., beyond those now 
known to be proper. But an outstanding feature has 
been that the fundamental principle of disintegration of 
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the molten metal and formation of a sponge has never 
failed. The chief metallurgical problem has been the 
proper composition of ladle metal to compensate for the 
reactions taking place in the mold during the equilibrium 
adjustment of metal and slag. Engineering and operat- 
ing features related to commercial development have been 
given serious attention and trial. 

The material produced has satisfied the most exacting 
specification for high grade wrought iron, chemically, 
metallurgically, and physically. Considerable amounts 
have been rolled direct from the blooms to skelp or plate 
without repiling, then made into pipe of excellent and 
entirely normal characteristics. 

For a commercial operation, metal refining will parallel 
steel making in arrangement, practice and tonnage han- 
dled. Furnaces may be open-hearth or bessemer. The for- 
mer offers the greatest latitude in choice of charge. The 
latter has the advantage of nearer approach to continuous 
operation by giving relatively small heats at frequent in- 
tervals; also the iron silicate refining slag may be utilized 
in making up the shotting slag. Ladle metal specifica- 
tions will depend to some extent upon the type of slag 
used for shotting and its oxidizing or reactive character- 
istics; also upon the class of product and the dominant 
qualities desired with regard to welding, strength, ab- 
sence of critical red-shortness, freedom from blisters, ete. 
A ladle metal of about .10% to .15% carbon, .05% sul- 
phur, and .10% each in manganese, phosphorus, and sili- 
con, is a representative standard for skelp purposes. The 
secondary reactions in shotting bring the metal down to 
recognized puddled iron base characteristics. 

Slag melting is a problem not unlike that of melting 
east iron in the foundry, except as regards the question 
of refractory linings. An open-hearth type of furnace 
may be used; but the cupola has shown outstanding ad- 
vantages, particularly for heats in rapid sequence. In 
fact, the more nearly the metal heats are produced on a 
continuous basis, the less is slag melting a problem with 
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respect to quantity and costs. It will be realized from the 
discussion that temperature rise of the slag bath takes 
place during shotting. To hold the temperature rise in 
check requires somewhat more cold slag additions than 
the amount incorporated in the bloom and lost through 
operating wastage. Consequently, from a theoretical 
viewpoint at least, with an operation approaching con- 
tinuity, an initial molten batch of slag will carry through 
indefinitely. It appears that actual operations may be 
conducted with steady slag melting of proportions only 
for reserve or contingency supply. 


Iron ore, roll scale, heating or puddle furnace cinder 
and sand are the principal ingredients of the slag, to 
which some additions of iron phosphate may be needed 
to conform to standards of hand puddling. Actual unre- 
covered slag is relatively small; it should not be more 
than five to ten per cent of the weight of the product. 
Pouring will conform to steel works practice with virtu- 
ally the same nozzle sizes. The ladle will be on a station- 
ary platform at a height dictated mainly by clearances 
required for the equipment. Bloom weight may be any- 
thing desired, engineering and operating considerations 
of rapid handling from sponge to pressed bloom being the 
dominating factor. Steady production of blooms from 
relatively small but frequently recurring metal heats sim- 
plifies the problem, as contrasted with the demands of 
large open-hearth heats at infrequent intervals. 


Yields are entirely in line with steel making. Metal 
refining involves no operations or losses differing from 
standard bessemer or open-hearth practice. Experience 
has shown that bloom weights in excess of metal shotted 
may be expected, due to the added weight of included slag. 


A mold and press operation, following the method de- 
scribed for the experimental plant, may be used. How- 
ever, there is some preference for a plan involving shot- 
ting alternately into thimbles carried by manipulators, | 
the slag being poured from one thimble to the other for 
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continuous use; the ball then being dumped into a 
squeezer or press. A squeezer has some advantages over 
a press and has preference for bloom weights of one ton 
or less; above one ton it is probable that the press would 
be necessary. Studies have shown no insurmountable ob- 
stacles in producing one-ton blooms on a one-minute 
eycle. It will be realized that this item is governed by 
the scope of the plant and the size and degree of speciali- 
zation of equipment warranted in plant investment. 

In summarization, the following features may be enu- 
merated for the process under discussion: 


It will produce wrought iron of the highest quality. 
Improvement over hand puddling grade should be ex- 
pected. 

Base metal and slag are separately controllable and 
variable; and with observance of proper conditions 
there is entire uniformity of disintegration of metal and 
of characteristics of final product, without regard to size 
of heat or bloom produced. There are prospects of alloy 
base metals, or of special types of slag, which are not 
possible with hand or the usual methods of mechanical 
puddling. The special products would thereby possess 
properties which would better meet the requirements of 
special services. 

Output or tonnage, either total per heat, or of bloom 
size, is governed primarily by engineering or operating 
expedience. Thus subsequent rolling operations should 
fall in line with steel works procedure. 

There are no difficult operating conditions to be met 
through undue strains resulting from motion or heat, 
either to refractories or mechanism. 

There is flexibility in charge selection, operation, and 
the like, conforming to the general features of steel mak- 
ing. Skill and general labor requirements are those of 
the steel industry, rather than of the wrought iron indus- 
try as now constituted. In fact, wrought iron and steel 
may be made in the same plant, or even from portions of 
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the same metal heat; the special processing equipment 
being a minor portion of the plant outlay and constituting 
in reality a by-pass at the casting period of the heat. 

There are possibilities of operating costs closely paral- 
leling those of steel manufacture, the approach tending 
to become closer in the ratio that this synthetic process 
of wrought iron manufacture approaches steel operations 
in magnitude and output. While the special features of 
the process involve conversion costs between ladle metal 
and bloom, it must be borne in mind that slag melting 
may be reduced to a relatively small item with continuity 
of output; that incorporated slag is paid for at product 
prices; and that pressing of the bloom corresponds 
largely to fluid compression of ingots. Conversion of 
ladle metal to a steel ingot has offsetting costs in com- 
parison, because of additions, casting and stripping, and 
extra cropping due to piping. 

The process is presented for consideration as one 
means, perhaps the means, of solution of the major prob- 
lem confronting the manufacturer of wrought iron. 


Tue Cuarrman (Mr. E. A. 8S. Clarke): I think we have 
had some very interesting papers on the subject of 
wrought iron. 

Tam told that Mr. J. KE. Fletcher, of N. Hingley & Sons, 
Dudley, England, is in the room, and that Mr. Fletcher 
is an expert on the question of wrought iron. We would 
be glad to hear a few words from Mr. Fletcher, if he 
agrees to say something to us. Will you come forward, 
Mr. Fletcher? 

Mr. J. E. Furrcuer: Mr. Chairman and gentlemen: I 
hardly expected to be called upon at such short notice 
to touch this large question, and yet I should like to say 
a word or two first to acknowledge during my five weeks’ 
visit in the States how handsomely I have been received 
wherever I have been to see any of the processes that I 
desired to see; and amongst those precesses some are 
new processes. 


WROUGHT IRON—FLETCHER ale 


This afternoon the papers that have been grouped to- 
gether seem to provide any amount of room for discus- 
sion and for observation. We heard first from Mr. Smith 
the view of the user of iron, and perhaps without losing 
any time I would like to say that across the water we are 
finding that there is a decided turn towards the use of 
wrought iron in many directions. One of the reasons I 
came over this time was to find out whether that same 
tendency is at work here in the States, especially in the 
case of pipes and in certain small forgings and bars; and 
the subject particularly of the corrosion factor now being 
considered by the engineers in Wngland. 

Some of our railway requirements call very strongly 
for some material that shall be better than mild steel. 
Especially this is the case with the details of railway 
wagons that are transporting supplies from the coast to 
the center of the country. 

Sir Vincent Raven some time ago made it possible to 
determine by trial whether the underframes in our 
freight wagons used on that service might not be better 
made of wrought iron. The firm I am connected with as 
consultant for many years produce that material and 
there is a growing demand for it. Its success has been 
assured, the wagons with wrought iron underframes hav- 
ing stood three or four times as long as those equipped 
with mild steel underframes. 

The question of iron for pipes and tubes is of course 
- occupying our attention, and when I arrived in this coun- 
try the first thing I thought I would like to see was this 
machine of Mr. Roe’s. We recognize in Mr. Roe, and 
have for many years recognized in him, one who has 
stuck to his guns with remarkable assiduity. We do not 
know how the pounds, shillings and pence side of the case 
has worked out. We have thought from our side that 
he was attempting something that we hardly dare touch 
in dealing with such masses of material. But I had the 
privilege and opportunity yesterday of seeing his plant 
in operation, and, having studied this question for a good 
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many years, | was agreeably astonished to see the beauti- 
ful way in which these masses of iron were being pro- 
duced. 

As I say, we have a little doubt whether economically 
such great masses can be produced on the other side, but 
possibly with every accessory brought to bear on the fur- 
nace, which seems to be a perfect wonder so far as design 
and operation are concerned, there seems to be no reason 
at all why such material should not do what Mr. Roe is 
claiming for it. 

If you will just allow a personal allusion to work that 
I was privileged to do in connection with our British 
Wrought Iron Researeh Association. During the last 
three or four years we have been working on this mechan- 
ical puddling problem; we have spent a great deal of 
money in finding out whether good wrought iron could 
be made by mechanical means. 

Of course all those who have been interested in wrought 
iron know that many years ago iron was puddled me- 
chanically in England, satisfactorily; those of you who 
will turn to the literature of the Iron and Steel Institute 
will find many examples there quoted of iron which gave 
quite as good mechanical tests as that produced by hand. 
Then the open-hearth process came along and displaced 
wrought iron, and our great metallurgists began to put 
their eggs all in one basket. Steel got all the attention, 
and poor wrought iron was left out in the cold. 

I do not know whether it is clear to you with respect 
to the reason why wrought iron went out that it was not 
due to the fact that it was not a good enough product, but 
rather that it was too dear a product. I think that has 
been brought out this afternoon. 

The experiments referred to that were carried out by 
the Research Association covered practically the princi- 
ples that Mr. Roe has been working upon, and also those 
of the Ely process. Our machine was a combination. We 
made it so that we could practically revolve, twist, turn 
and oscillate; and Sir William Ellis, who is one of our 
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recent presidents of the [ron and Steel Institute, when he 
saw the machine at work, said it was the nearest approach 
to seasickness he had ever seen. At any rate, we made 
wrought iron successfully in that furnace, and we made 
wrought iron as good as ever had been made before, and 
I felt convinced, and those on my committee felt con- 
vineed, that if we were put short of puddlers in the future 
in England (we have always feared that in case of the re- 
vival of trade) that at any rate we could be able to pro- 
ceed with mechanical puddling. 

There is also this last idea, introduced by Mr. James 
Aston, which makes us all seriously pause and think. I 
remember in Germany many years ago seeing some work 
done on similar lines, by pouring cast iron into fluid slag 
and getting almost instantaneous reactions. After see- 
ing those experiments I thought then that some day there 
- will be a use made of that principle. It has the germ, it 
strikes me, of something very important in it. Whether 
it will be like the fluid compression of steel, which led us 
to expend a good many millions and afterwards let the 
plant lie idle, is one of those things that we have to look 
at very carefully when we deal with these processes 
which are scientifically correct, and yet, when put to 
work, may in the long run prove to be more expensive 
than we anticipate. 

IT am not prepared, sir, to criticize the papers. I want 
to say that it is a great pleasure to have been here to 
hear them and to see the processes. I want to compli- 
ment the gentlemen on such a series-of papers upon this 
important subject. (Applause.) 


Tur CHarrman (Mr. HE. A. S. Clarke): I am sure we 
are very much indebted to Mr. Fletcher for giving us his 
views and experience. Mr. Henry D. Hibbard, I under- 
stand, is in the audience. If he would care to give us a 
word or two, we would be glad to hear him. 

Mr. Henry D. Hissarp (Consulting Metallurgist, Plain- 
field, N. J.): Mr. Chairman and gentlemen: I did not 
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come here to talk. I may say that I did not see these 
papers until this morning, when I reached here; so that 
Iam not prepared with any remarks. But I have enjoyed 
the papers. 

I appreciate very much what these gentlemen have 
done, and I think every one of them shows progress along 
the line. Some twenty-five years ago, about the time that 
Mr. Roe began to work with his furnace, I had an idea 
of carrying out this reaction that Mr. Fletcher has just 
referred to, between melted iron and melted oxide of iron, 
with the idea of shortening and cheapening the produc- 
tion of steel. I worked on that a long time and developed 
it so that I thought it came to some sort of shape; but 
some years ago it occurred to me that my apparatus 
would make as good a puddling furnace as any made, 
better I thought, and I proceeded to develop that idea 
and got patents on it, as all these other gentlemen have. 
I still hold them. Some iron has been made in my furnaces. 
Some of the people who have used the iron found it to 
be entirely as good as any hand-puddled iron they had 
ever made. In fact, from what Mr. Fletcher said, I recall 
something I read in some old volume of the Transactions 
of the Iron and Steel Institute of Great Britain. One 
man said that any furnace that would puddle iron would 
make better iron than any hand-puddled iron; and he 
produced some tests that bore that out. He showed, I 
think, a rail in the drop test, made of machine-puddled 
iron, which stood five times as much punishment under 
the drop test as the hand-puddled rail with which it was 
compared. : 

I do not know that I can add anything. I am not pre- 
pared to discuss the papers; but I do appreciate what 
the gentlemen have told us, and I think they all show 
progress. I am very glad to have been here, and I con- 
gratulate them upon these results. (Applause.) — 


THe Cuatrman (Mr. E. A. 8. Clarke): Gentlemen, in 
closing this session I think that we can feel that the 
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papers that have been presented today have been of very 
great interest and very great value. We have heard an 
excellent summary of what is being done in the matter of 
low temperature distillation of coal; the paper on stain- 
less steel puts on record the present situation in that 
industry in a splendid way; and the paper on liquid fuel 
economy shows what may be expected as research and 
experiment goes on. Certainly the papers this afternoon 
on the wrought iron industry, which perhaps has been a 
good deal side-tracked by the steel industry, show that 
it is by no means dead, and apparently very much coming 
to life again. 

I think that is all, except that we hope to meet you all 
at the banquet tonight. 


EVENING SESSION 


The evening session of the Institute was held in the 
Grand Ballroom of the Commodore. After dinner, Judge 
Gary called the meeting to order. 

Jupar Gary: This is a very large audience, capable of 
making a great deal of noise, but with sufficient mental 
capacity to remain very quiet. You have established a 
reputation for good order. Please live up to that reputa- 
tion on this occasion. : 

First, as a token of profound respect and as a silent 
toast to the President of the United States, to the King 
of Great Britain and to the King of Denmark, I ask you 
to quietly stand upon your feet for a moment. 

(The assembled audience arose, the orchestra playing 
‘‘The Star-Spangled Banner.’’) 

JupcEe Gary: During the day, as usual, there have been 
presented to a very large audience of iron and steel 
masters of this country splendid discourses on topics in 
which we are peculiarly interested. These men have 
established for themselves reputations for ability that 
will be lasting. We are going to present to you, without 
any speeches, these men at this time, and, as Mr. Clarke, 
our Secretary, calls their names, they will please stand 
upon their feet. That will be considered an introduction. 

(The names of the gentlemen being called, the gentle- 
men arose and were applauded by the audience.) 

Jupce Gary: Ladies and gentlemen: you are very 
welcome here this evening, especially the ladies. The 
gentlemen had to come. We are glad to see all of you. 

My somewhat dry remarks were intended for the 
morning meeting, but the Committee on Program headed 
by a somewhat tyrannically dispositioned man, decided 
that it should be presented this evening. 
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What I shall say is entitled Some Tendencies of the 
Times. 


Unquestionably at the close of the late war interna- 
tional, national and domestic affairs throughout the 
world had become maladjusted. The war was a culmina- 
tion of unhealthy conditions, civil, political and indus- 
trial. The full story relating to the progress of events 
occurring during the decade preceding August, 1914, 
would fill an immense library. It is appropriate to con- 
sider whither we are now drifting; towards better con- 
ditions, or the reverse. As affecting our country gen- 
erally and our business particularly, is the trend of af- 
fairs favorable or otherwise? There is time only to 
merely glance at some of the tendencies before and after 
the war. 

INTERNATIONAL ConpDITIONS 

From time to time since the armistice was signed our 
attention has been called to disagreements, disputes and 
controversies between different nations which shocked 
our sensibilities and created in our minds distrust of 
future peace and tranquillity, and of the permanence of 
even civilization itself. | 

The conflicts between Germany on one side and France 
and Belgium on the other, between Poland and Russia, 
between Greece and Turkey, between Greece and Italy, 
between England and Ireland and many others, not 
necessary to mention, were all evidences of smoldering 
flames of a war spirit. 

Of almost equal importance and possible consequence 
is the repudiation of, or at least indifference to, finan- 
cial obligations of some of the nations to others. Many 
great wars of the past have resulted from economic delin- 
quencies. Only by reason of subnormal condition of 
minds would any nation be permitted by its own people 
to wholly neglect for many years to make any payment 
whatever on its indebtedness to another, or to settle ami- 
eably the terms for future payment. As one illustration: 
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Suppose, for instance, that the Bank of France should, 
in time of extremity, borrow from the Bank of England 
a sum of money unconditionally payable at a definite 
time, and then, when the debt matured, should ignore the 
obligation, insisting that it. would only negotiate as to 
how much it could or should pay and when and what rate 
of interest. What general impression concerning morals 
would be created? And why, from the viewpoint of 
- honor or reputation, should there be any difference be- 
tween nations and individuals? 

We can, of course, and we do, excuse any nation from 
making payment of its indebtedness before it is pecuni- 
arily able to do so, but it is impossible to understand why 
a nation should refuse or for long neglect to acknowl- 
edge the whole of its debt or fail to pay the same when- 
ever and so far as it may be able to do so, together with 
a fair and reasonable rate of interest. 

This whole subject is not our personal business, we 
must admit, but we only do justice to both ourselves and 
our friends across the sea when we say it seems to us 
the awful war of 1914-1918 has, in effect, lowered the 
standards of national obligation, if nothing more. This 
condition of mind, if it exists, will not be lasting. 

And in passing we think it is pertinent to remark that 
we believe the attitude and action of Great Britain in 
regard to her national indebtedness growing out of the 
war is, for the long future, worth much more to her in 
reputation and credit, and therefore in pounds and shil- 
lings, than the total amount of money involved in the 
fulfillment of what she has decided to be the only proper 
adjustment and refunding of her war debts. ( Applause.) 

What has been said in some respects might be deemed 
to include, though not intended to be, harsh criticism. It 
leads up to a brief consideration of the apparent trend 
at this time. 

We think the disposition and action of the people of 
Great Britain represented by her big-brained, long- 
headed and superb statesmen, was only the beginning of 
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a wide and powerful movement in the direction of over- 
coming obstacles and proceeding along lines tending to- 
wards honorable readjustments and_ reconstructions 
necessary for international peace, progress and pros- 
perity. (Applause.) 

The decision of Germany to accept and abide by the 
findings and decrees of the Dawes Reparation Commis- 
sion and her prompt efforts to practically comply with 
its terms will go far to establish a reputation and financial 
eredit of incalculable value; and it has already had a 
marked influence for good on other nations. 

The determination of France, Belgium, Italy and 
others to recognize their war debts, and the negotiations 
commenced for settlement, as to times and terms of pay- 
ment, are all symptoms of national desire to re-establish 
credit and to maintain reputation. It now appears to be 
“more fashionable to settle national debts than to repudi- 
ate or neglect them. The value to the whole world of 
this attitude of mind cannot be overestimated. 

The heart’s desire of the masses of the people for 
peace and tranquillity is well-nigh universal. The hor- 
rors of war are still a dreadful memory when awake and 
an agonizing nightmare when asleep. Every right- 
minded and normal person everywhere desires the full 
and firm establishment of cordial, friendly and Christian 
relations between the peoples of all the nations. 

If and when this is brought about, and there can be 
secured mutual understandings which will influence every 
nation to consider and to help promote the interests of 
all others, so far as practicable, no one can measure or 
undertake to limit the prosperity to all which will result. 
This is the direction in which the tendencies of the times 
indicate we are proceeding. It may be a long road, but 
as we go and to the extent we travel forward, in a corre- 
sponding degree will everyone profit and gain. How 
far in this course shall we move? Who can tell? Is 
the world growing better? We think it is. 

Since what has been said on the subject of peace 
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was written, it has been noted with great satisfaction 
that at the Locarno Convention, lately in session, 
participated in by the Governments of Great Britain, 
rance, Germany, Italy, Belgium, Czecho-Slovakia and 
Poland, there have been consummated plans which are 
calculated to preserve permanent peace throughout 
Kurope. This is the best single thing for the entire world 
that has happened since the armistice was signed in 
November, 1918. (Applause.) 


Nationa AFFAIRS 


This is not the occasion for extended reference to the 
local changed and changing conditions which have ex- 
isted in many if not most of the countries, including our 
own, since the world war was ended. It is sufficient to 
say there have been unusual disturbances. Some of them 
have been threatening and dangerous. But these situa- 
tions are much improved and are improving. In the 
United States national conditions have been perplexing 
and have caused great anxiety. There have been political 
differences, disagreements and antagonisms. Bitter 
criticisms against high officials, most of them unfair, 
have been made and injustice done to worthy people. 
There has been unusual and unjustifiable discord be- 
tween Congress and the President and members of his 
Cabinet, between members of the same political party and 
between different parties. Laws have been introduced 
which were unconscionable and some of them have been’ 
passed. Members of the Supreme Court have been un- 
reasonably assailed. Fault-finding has been too com- 
mon. Without proper basis it has been attempted to 
prejudice the people against individuals holding respon- 
sible offices, and many have been influenced. 

There have been times when our Congress was severely 
criticized, notwithstanding a large majority of the mem- 
bers were high-minded and worthy. Unfortunately the 
minority seems to make the most noise and it is often 
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influential. More could be said on this subject, but it 
would not be useful, if permissible. 

The effect of all this has adversely affected the busi- 
ness and the prosperity of the country. Our people have 
been staggering under the burdens of heavy war taxes, 
national and local, income, inheritance and others, and 
high costs of living; and the action of discordant ele- 
ments in Congress. These conditions have dispirited 
business men and to a considerable extent interfered with 
national progress. 

However, it would seem there has been a decided im- 
provement in national conditions. Tc begin with, the 
pacific, courageous, intelligent and wise decisions and 
utterances of the President have been better understood 
and more appreciated as time passed, and have had a 
good influence. The political atmosphere in Washington 
and elsewhere has been greatly cleared. It is now gener- 
ally understood that the President is and all the time 
has been, the friend and well-wisher of every Congress- 
man and of every person who is honest and conscientious. 
In making decisions, however positive he may be, he 
acts from no feeling of personal antagonism. To serve 
the best interests of the country appears to be his sole 
desire. The last presidential election justifies what has 
been said in this respect and more. The people of the 
country, including large numbers of the opposite po- 
litical party, approve the principles and policies of the 
President. (Applause.) His plain, simple, thrifty habits, 
his efforts towards economy in governmental administra- 
tion, his advice concerning decreases in taxes and his 
methods generally commend themselves to the people and 
to the members of Congress. We shall see a working ma- 
jority in Congress supporting the President at the next 
session in his efforts to improve the economic situation. 
Their constituencies are directly, pecuniarily interested, 
and will influence their representatives. It now seems 
probable that the next Congress as a whole will stand 
high in the estimation of the people of this country and 
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other countries. There will be more harmony, less dis- 
cord. War effects are disappearing. The harangues of 
a demagogue, if there shall be one in the next session, 
made for personal political reasons, will not receive much 
consideration. There are splendid capable men in both 
houses of Congress-and we shall hear or read positive, 
though temperate, words from them. 


Loca ConpITIons 

Local conditions in the States and especially in the 
large cities in this country in some respects are deplor- 
able and disheartening. Crime is rampant. Violent and 
brutal crimes are numerous. They do not at present 
seem to be decreasing. They are about as bad as war 
in volume, and a thousand times worse in malignity and 
cruelty. Here is strikingly witnessed the demoralization 
of war. The damages of this terrible wave of crime ex- 
tend beyond the victims. They have a decided bearing 
upon the general economic situation. When law and order 
are defied and property and person thereby endangered, 
the natural progress of business is bound to be inter- 
rupted to some extent. But there must be and there is 
being organized, lawful defense against criminal out- 
rages. The great majority of the citizens are law-abid- 
ing and they have the necessary courage. The malicious 
criminals are dastards. If this highly civilized nation 
is to be temporarily turned into a frontier with its char- 
acteristics, criminals will be treated as their predecessors 
were treated-in the earlier days of this country. Pun- 
ishment for deliberate crime will be more severe and 
more prompt. This will be the necessary course of 
events. All officers of the law will be fully armed and 
will be experts thoroughly qualified to adequately deal 
with crime and criminals. 


Recuuation or Corporations - 


During the last two decades business prosperity has 
been in a measure hampered and interrupted by harsh, 
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hasty and often improper attempts to apply and enforce 
the Sherman Law, so called. 

When the Sherman Law was passed it was intended 
to be a preventive and remedial measure. It was not 
enacted for the purpose of impeding or decreasing the 
volume of business or legitimate success and prosperity, 
certainly not with the thought of destroying or injuring 
business. It is true penalties were provided, but only 
for the purpose of protecting the public against vicious, 
unfair practices in business, including especially extra- 
ordinary and unconscionably high prices in commodities 
or services. It will be remembered that soon after the 
law was adopted, Senator Hoar of Massachusetts, at 
least a prominent, if not the principal, author and 
sponsor of the law, delivered an opinion in writing in 
which he declared the agreements for pools, ete., which 
then were common, did not violate the Sherman Law. 
Many business men relied upon this opinion and acted 
accordingly, perhaps going too far in their interpreta- 
tion. After a while, partly for political purposes, as it 
would seem, there was an indiscriminate campaign 
against large corporations and combinations; and prose- 
cutions for alleged violations of the law were common. 

Some were justified and others were not. The judges 
‘themselves were in doubt concerning interpretation and 
application. The decisions made during a term of years 
are not in some respects harmonious. The tendency for 
a while was inimical to business prosperity. Almost like 
the waves of the sea, they rose higher and more tem- 
pestuous from year to year until a deep-thinking, logical- 
brained and wise Chief Justice announced the ‘‘rule of 
reason’’ opinion which created a halt in the use of the 
law for the destruction of property and business. Much 
has been written by able men on this whole subject. It 
is an interesting history. 

In 1907 a cyclonic financial panic was precipitated in 
New York City and rapidly spread. It threatened to 
overwhelm and engulf. Prominent bankers and other 
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leading business men, including those who were pos- 
sessed of large stocks of goods, and owed the banks for 
their purchase prices, appealed to the steel industry to 
take action towards stabilization of industry, and this 
was successfully done until the panic had passed. These 
efforts were promptly, truthfully and accurately re- 
ported to the newspapers for publication and to the 
President and Department of Justice at Washington. 
No objection or adverse criticism was made by either, 
nor by any Governmental authority until the introduction 
of the Stanley resolution for a Congressional Investiga- 
tion in the spring of 1911, whereupon the movement for 
stabilization was immediately and permanently aban- 
doned. Apropos to this movement it is interesting to re- 
eall certain facts. 

On December 10th, 1908, at a dinner given to represen- 
tatives of the steel industry an address was mide by a 
leading member of their number relating to the panic of 
1907, the efforts of the industry for overcoming it and the 
Sherman Law applicable to restraint of trade. 

That address, so far as it concerns these remarks, was 
in substance in harmony with two decisions of the Su- 
preme Court of the United States, which were made June 
Ist of this year, one entitled Maple Flooring Manufac- 
turers Association, et al. vs. The United States of Amer- 
ica, and the other, Cement Manufacturers Protective 
Association, et al. vs. The United States of America. Both 
cases were decided against the Government. Witness 
some of the parallels, or at least analogies, in the actual 
language used. In the address it was said: 


‘‘T think I represent the views of all present in 
saying we have never doubted the propriety or 
legality of our action because we knew our mo- 
tives were good. We have never intended to 
antagonize the laws of the country, or the rights 
and interests of any one.’’ 
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In the Maple Flooring opinion we read: 

‘“We think it might be urged, on the basis of 
this record, that the defendants, by their course 
of conduct, instead of evidencing the purpose 
of persistent violators of law, had steadily indi- 
cated a purpose to keep within the boundaries 
of legality as rapidly as those boundaries were 
marked out by the decisions of courts interpre- 
ting the Sherman <Act.’’ 


In the address: 


‘We have occasionally read published criti- 
cisms of our movement on the ground that there 
was a combination or an agreement in restraint 
of trade; an agreement, express or implied, to 
maintain prices, to restrict output, or to divide 
territory. But the fault lies in the unjustified 
assumption of fact.’’ 


In the opinion: 

‘<The record is barren of evidence tending to 
establish that there is any agreement or purpose 
or intention on the part of defendants to pro- 
duce any effect upon commerce other than which 
would necessarily flow from the activities of the 
present Association.’’ 


In the address: 

‘¢As I understand, it is not improper for 
competitors to meet and without reserve furnish 
full information and express opinions concern- 
ing the business affairs of all, provided they are 
not acting under an agreement, express or im- 
plied.’’ 


In the opinion: : 
‘Trade associations or combinations of per- 
sons or corporations which openly and fairly 
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gather and disseminate information as to the 
cost of their product, the volume of production, 
the actual price which the product has brought 
in past transactions, stocks of merchandise on 
hand, approximate cost of transportation from 
the principal point of shipment to the points of 
consumption as did these defendants and who, 
as they did, meet and discuss such information 
and statistics without however reaching or at- 
tempting to reach any agreement or any con- 
certed action with respect to prices or produc- 
tion or restraining competition, do not thereby 
engage in unlawful restraint of commerce.’’ 


In the address: 

‘Tt is not wrong even though any or all may 
be influenced regarding any particular business, 
nor even though the result may be to prevent 
radical and unreasonable changes in prices.’’ 


In the opinion: 

“The natural effect of the acquisition of wider 
and more scientific knowledge of business con- 
ditions, on the minds of the individuals engaged 
in commerce and its consequent effect in stabiliz- 
ing production and price can hardly be deemed 
a restraint of commerce, or if so it cannot, we 
think, be said to be an unreasonable restraint, 
or in any respect unlawful.’’ 


In the address: 


‘‘We have never intended nor resorted to any 
evasion, and the public has been accurately in- 
formed concerning our action.’’ 


In the opinion: 


‘The statistics gathered by the defendant 
Association are given wide publicity.’’ 
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In the address: 


‘‘As to the results of our efforts to co-operate 
there is, I think, no reasonable doubt they have 
been of great benefit. The prices of the dif- 
ferent manufacturers have not been uniform, 
and the prices of each have fluctuated more or 
less from time to time. Some manufacturers 
have not been as considerate of the interests of 
others as they ought to have been. Perhaps all 
of us have been influenced by motives of selfish- 
ness. But I do not hesitate to say our move- 
ment has prevented wide and sudden fluctua- 
tions, destructive competition, disaster and fail- — 
ure to manufacturers and their customers, re- 
duction of wages and idleness on the part of em- 
ployes, all of which, except for our efforts, would 
have been certain.’’ 


In the opinion: 

‘‘ Although the bill alleges that the activities 
of the defendants hereinbefore referred to re- 
sulted in the maintenance of practical uniform- 

_ ity of net delivered prices as between the sev- 
eral corporate defendants, the evidence fails 
to establish such uniformity and it was nof seri- 
ously urged before this Court that any substan- 
tial uniformity in price had in fact resulted from 
the activities of the Association, although it 
was conceded by defendants that the dissemina- 
tion of information as to cost of the product and 
as to production and prices would tend to bring 
about uniformity in prices through the opera- 
tion of economic law. Nor was there any di- 
rect proof that the activities of the Associa- 
tion had affected prices adversely to consum- 
ers. On the contrary, the defendants offered a 
great volume of evidence tending to show that 
the trend of prices of the product of the de- 
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fendants corresponded to the law of supply and 
demand, and that it evidenced no abnormality 
when compared with the price of commodities 
generally. There is undisputed evidence that 
the prices of members were fair and reasonable 
and that they were usually lower than the prices 
of non-members and there is no claim that de- 
fendants were guilty of unfair or arbitrary 
trade practices.’’ 


In the address: 


‘‘We have been successful in securing stabil- 
ity as opposed to demoralization.’’ 


In the opinion: 

‘Tt is not, we think, open to question that the 
dissemination of pertinent information con- 
cerning any trade or business tends to stabilize 
that trade or business and to produce uniformity 
of price and trade practice. Exchange of price 
quotations of market commodities tends to pro- 
duce uniformity of prices in the markets of the 
world. Knowledge of the supplies of available 
merchandise tends to prevent over-production 
and to avoid the economic disturbances pro- 
duced by business crises resulting from over- 
production.’’ 


In the address: 


‘“‘This has tended to promote the best in- 
terests of ourselves and all others.’’ — 


In the opinion; 


‘‘It is the consensus of opinion of economists 
and of many of the most important agencies of 
Government that the public interest is served 
by the gathering and dissemination, in the wid- 
est possible manner, of information with respect 
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to the production and distribution, cost and 
prices in actual sales, of market commodities 
because the making available of such informa- 
tion tends to stabilize trade and industry, to 
produce fairer price levels and to avoid the 
waste which inevitably attends the unintelligent 
conduct of economic enterprise.’’ 


To save time, quotations have been made from the 
Maple Flooring case only. The address is also fully en- 
dorsed in the Cement case, in some respects with even 
more convincing language. 

Thus it may be said that the attitude assumed by the 
steel industry in 1908 is substantially approved by the 
Supreme Court in 1925. 

We further may say with reason, the present tendency 
of the Supreme Court is towards the stabilization of 
business and protection of property so far as it can rea- 
sonably, properly and lawfully be done. 

In this connection it should, in fairness, be said that 
in the Government case against the Steel Corporation 
there was testimony by one witness, at least, who was a 
member of a sub-committee meeting in Pittsburgh sev- 
eral times, to the effect that there was an understanding 
certain prices should be maintained. If this was an ac- 
curate statement, then there was illegality connected with 
such meetings, and it was contrary to the express state- 
ments contained in the address heretofore mentioned, and 
entirely without the knowledge of the chairman of the 
General Committee. The probability is that if the witness 
had said in substance that there was no understanding 
between different members of the sub-committee that 
prices were to be maintained, though he personally in- 
tended to maintain them, he would have been truthful and 
strictly accurate. This assertion is made because it would 
be in harmony with the insistence of the chairman in all 
his addresses on the subject, all of which were taken in 
shorthand and printed. In the separate opinion of Judge 
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Woolley of the United States Circuit Court, it was ex- 
pressly stated that at the outset of the stabilizing move- 
ment there was nothing illegal or wrong, but he added 
that it drifted into what he considered was unlawful. 

Having made these brief references and observations, 
it is deemed appropriate to utter a few words of limita- 
tion and caution. 

There is no tendency on the part of the Courts or any 
department of Government to ignore or to modify the 
effect of the Sherman Law when properly interpreted 
and applied. The protection to the public against com- 
binations or agreements to monopolize or unduly restrain 
trade is still, will be, and should remain, in full force and 
effect. Any arrangement between different interests, di- 
rect or indirect, express or implied, caleulated to main- 
tain future prices of commodities or services, conflicts 
with the Sherman Law and will not be tolerated by the 
Government. Full information by one to others con- 
cerning business is permitted. The law does not compel 
one to compete with another if one does not desire to 
do so, and the law especially abhors competition which 
is intended to be destructive, unconscionable and dis- 
honest. (Applause.) 

As a suggestion for consideration by the iron and steel 
industry, which is large and influential, would it be ad- 
visable to make another effort to stabilize the business? 
Suppose the Department of Justice would be willing to 
participate. If meetings should occasionally be held by 
the manufacturers for the discussion of business on the 
lines pursued in 1907 and a representative of the Depart- 
ment of Justice should be designated by the Attorney 
General to attend and listen, and whenever necessary and 
appropriate to advise concerning the law, what would be 
the effect upon the steel business, and perhaps other 
lines? Possibly this could be accomplished. 

We think these limited references to the tendencies of 
the times justify the assertion that we are slowly but per- 
sistently emerging from the clouds of doubt and distrust, 
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moral and political, created by war in the minds of men 
throughout the entire world. 

With actual, abiding peace restored, with moral obliga- 
tions everywhere recognized, with law and order en- 
forced, and true religion practically adopted by the large 
majority of men and women throughout the world, to- 
wards all of which there is a present tendency, we may 
confidently expect satisfactory progress, prosperity 
and happiness for ali who are deserving. 

We of the United States do not intend to boast nor to 
assume a pharisaical attitude. We must, with feelings 
of gratitude, acknowledge that our own country is espe- 
cially blessed, far exceeding our desert. 

However, we properly may observe, the opportunities 
for securing subsistence, health, happiness and _ better- 
ment are as good in the United States as they are in any 
country on earth, and better than in many of them. Every 
advantage for honest success to every person is offered 
here. If there is failure anywhere it is not the fault of 
free opportunity. The National Government will be as 
good as the people themselves will earnestly, diligently 
and honestly strive to make it. And this applies as well 
to all local Governments. 

If one should ask whether or not there is any panacea 
for the ills that sometimes appear to the moral, political, 
social or economic.life of the nation, the answer is: ‘‘ Yes, 
by the general adoption and practice of the Golden Rule.’’ 
If any one protests that this is impracticable, such a one, 
of course, refers only to others and does not include him- 
self or herself. All of us must constantly and conscien- 
tiously look into our own hearts and strive to overcome 
what, if anything, is wrong. There is no different rule 
of action that will insure perfection. 

In determining the application of the Golden Rule, not 
only individuals but aggregations should become active 
participants. Our national Government should, and 
under the leadership of President Coolidge will, do so. 

At the same time, every individual and every Govern- 
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ment should always be prepared against unjust and un- 
warranted attack, economic or other kinds; and also 
should be ready and willing to help others who are 
in need and deserving of assistance up to the limit of 
propriety and ability, depending upon all the circum- 
stances existing. 

The iron and steel industry of the United States, big 
as it is, cannot alone secure the general adoption of the 
Golden Rule in business. It can do much in this direc- 
tion. Perhaps it has done considerable; but it is far from 
perfect, even as between its own members. Live, active 
competition is desirable; but destructive, dishonest or 
unfair competition is deplorable and deprecatory. 


BustnEss ConpDITIONS 

The iron and steel business in this country is good and 
should be considered satisfactory. It has been during 
the calendar year and still is as good as predicted, and 
even better than we had reason to expect. And it is 
growing better. The imperative demands of consumers 
are large and increasing. The seeming necessities are 
immense. Notwithstanding the producing capacity of 
the country has doubled, or more, within the last ten 
or fifteen years, the present operations are about eighty 
to eighty-five per cent. of capacity on the average. 

But some of you may say that, taking into account the 
large investment of capital by reason of extra cost of 
construction and otherwise, there has not been a fair 
and reasonable return in profits. Well, whose fault is 
it? Can you blame the wealth of the country, or the 
lack of crops, or the climate, or the present disposition 
of the Government? No, it is our own fault. It is be- 
cause of our desire and effort, respectively, to secure 
more than our fair share of trade, and, as a consequence, 
we have carried competition to the point of accepting un- 
reasonably low prices for our commodities. Our Gov- 
ernment, and our customers, would have more respect 
for us if we always insisted upon fair and reasonable 
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prices, never less, never more. Business conducted on 
sound, logical, moral and legal principles will receive the 
approval of right-minded people of all classes. It must 
be acknowledged there are many persons receiving much 
more for goods or services than they ought to demand, 
just at the present time. This does not apply to iron and 
steel manufacturers. A medium between the basis of 
prices we are receiving for what we sell and the prices 
we pay for what we buy would be about fair. 

The country is all right. The business offered to us 
is all right in volume. The prices for our commodities 
we fix, or rather, we allow purchasers to fix, simply be- 
cause we are unreasonably selfish. It is because of this 
natural tendency some of us have thought there ought 
to be allowable some form of co-operation, which would 
be protective against imposition. ; 

In some respects the world’s outlook today is the 
antithesis of that of ten years ago. Then there was raging 
a bloody, destructive world war. Now, peace predomi- 
nates; indeed, it is almost complete. The seeming disposi- 
tion of the leading men of all nations is tending toward 
harmony of action. This augurs progress and prosperity. 
It means a higher level of morals, a decrease of crime and 
poverty, and increase of comfort and happiness. We have 
réason to be grateful and we have reason to hope and 
expect great prosperity. We should always be prepared 
for emergencies or depressions, but we may courageously 
and steadfastly pursue our business course with the ex- 
pectation of securing fair profits. 


Jupcr Gary: Gentlemen, we are not adjourning. Will 
you please keep your seats? You have something good 
coming. It is not time for your trains, you who are 
going to the country. You have no reasonable excuse for 
going out just now, in my opinion. Please maintain order. 

Now listen to this. 

Colonel Francis Vernon Willey, head of the Federa- 
tion of British Industries. Among his activities and the 
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honors that came to him in consequence of his war service 
were Companion of St. Michael and St. George, 1918; 
member of the Royal Victorian Order, 1918; Commander 
Order of the British Empire, 1919; formerly member of 
Parliament for South Bradford; commanding the Sher- 
wood Rangers mobilized 1919; served in Egypt and 
Gallipoli for two years; recalled by the War Office to 
serve as Assistant Director of Equipment and Ordnance 
and to deal with the recovery and repair of all military 
uniforms; appointed controller of, and organized the 
purchase and distribution of, wool supplies under the 
British War Department, 1916. 

As a business man, he is the managing director of one 
of the largest wool firms in the world, Francis Willey & 
Company of England and Boston, Massachusetts, and 
director of Lloyds Bank and other financial institutions. 

He is President of the Federation of British Industries, 
organized 1916 for the promotion and development of 
British trade, composed of British associations and lead- 
ing British manufacturers, and said to be the most power- 
ful offensive and defensive industrial agency in the world, 
representing twenty thousand firms and a capitalization 
over twenty-five billions of dollars and employing over 
five million workers. 

Colonel Willey said to me when I commenced to ask 
him something about himself, ‘“ When you introduce me, 
in justice to myself and to save me embarrassment, please 
say, ‘He is a business man.’ ”’ 

I introduce with great pleasure the business man, 
Colonel Willey. 


Con. Francis Vernon Wittey: Judge Gary, ladies and 
gentlemen, members of the American Iron and Steel 
Institute: 

The fact that such prominence was given to foreign 
affairs in your Chairman’s speech gives me greater con- 
fidence in addressing this great gathering. Moreover, I 
was this morning, like yourselves, privileged to hear the 
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address which your Chairman gave, and it gave me the 
opportunity to hear a remark that for a decade now he 
had occupied that position. Gentlemen, I hope I may be 
pardoned if I congratulate the Institute on its good 
fortune in having so public-spirited a citizen to direct its 
destinies for a period of time like that. (Applause.) 

All of us know what self sacrifice is involved in the 
unstinted yielding of personal effort to public aims and 
ideals; and so it is that, coming as I do from the other 
side, I hope I may be pardoned if I congratulate you in 
that way, because I can tell you, proud as you are of your 
Chairman, that his outstanding personality reaches far 
beyond the coasts of the United States. (Applause.) 

Gentlemen, again I was impressed during the course 
of this dinner that there could be so rapid a change of 
temperament in so great a gathering as this. In the 
course of the meal one heard the exuberance of this great 
multitude in tune with the band; and shortly after one 
realized the intense silence with which you listened to 
that important address which we have all been privileged 
to hear. That comes unexpectedly to one from the other 
side and it gives one, further, that impression, which I 
am carrying back with me, of vigorous, spirited enter- 
prise, of that abounding prosperity which is throughout 
the length and breadth of this continent. (Applause.) 

I take this opportunity to deliver to an audience gath- 
ered from all over this Continent a message from British 
Industry. The Federation of British Industries, of which 
I have the honor to be President, has felt that a closer 
contact between organized industry in our two countries 
is desirable. As you are aware, the Federation embraces 
all classes of industry in the United Kingdom, and by di- 
rect membership and membership of trade federations 
comprises some 20,000 firms. You will thus realize that 
we have in England developed a central organization 
which is essentially representative of industrial interests 
as a whole. I propose this shall be the address of a busi- 
ness man to business men, and as one who was before 
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the war for many years in active business in the United 
States, I can claim to speak with familiarity of both sides. 
We believe that an increase of world trade should be 
the aim of all industrial nations, and cooperation of all 
nations for this object is desirable. History records that 
iron and steel have been the basis of national as of pri- 
vate fortunes, so it is that a gathering of the repre- 
sentatives of the great steel industry of the United 
States is appropriate for a survey of world conditions. 
While the United States may not be a large exporter of 
steel, it certainly is a large exporter of its fabricated 
products. In this way the United States is vitally in- 
terested in foreign trade. This must be my excuse for 
asking you to accompany me in the survey of world con- 
ditions. Moreover, the conversion of steel plants in all 
countries of the world from their bloated capacity for 
war purposes to civilian construction has involved a com- 
plicated readjustment. The United States steel trade 
has been a pioneer in development work. Its high effi- 
ciency is admittedly an example to the world, but the 
high production momentum is going to require an in- 
creasing export market in the near future, and this will 
continue to be fabricated products. The automobile ex- 
port may be classed as an important example. The sta- 
tistics which have been given me indicate that this item 
now holds third place in value on the nation’s list of 
exports. The United States, having changed from being 
a debtor to becoming a creditor country, must contem- 
plate progressively increasing foreign investment. 
These investments must ultimately be shipped in mer- 
chandise, and the proportion of manufactured goods will 
increase, and as time goes on the income from these In- 
vestments will accelerate the pace. Thus more and more 
will contact with the rest of the world develop. 

The many conversations I have been privileged to 
have with industrialists, bankers and the members of your 
Administration, as well as the many well-informed men, 
counted among my candid friends on this side, have 
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satisfied me that there is a widespread concern even 
among our well wishers as to the condition of England, 
and a widespread impression that social and economic 
conditions are so adverse as to imperil the future of 
Great Britain. I want to dispel any such lurid, and let 
me assure you unwarranted, picture. It is true we have 
in Great Britain our difficulties. We have 1,300,000 
people out of work. The burden of this is in itself con- 
siderable, but against this we have to put on the credit 
side that we are enjoying a larger share of the curtailed 
world trade than we had before the war. Our financial 
position is sound; our credit unassailable. We have paid 
off two and one-half billion dollars of debt since the close 
of the war. We have restored our currency to parity, 
which has involved tremendous effort. We have just 
completed the last 10% lap justifying a return to the 
gold standard; and this has been a serious handicap to 
our export trades in which the greatest proportion of 
our population should normally be engaged. You will 
agree with me that had the industries in the United 
States been faced with the problem of paying off bor- 
rowed dollars at $1.30 and at the same time selling for 
70 cents merchandise that cost $1.00, there would have 
been serious disorganization. We are supporting a tax- 
ation of 25% of our national income. In addition the 
debt service for loans to our Allies against which we are 
receiving nothing, but which is included in our taxation, 
and therefore our manufacturers’ overheads, is equiva- 
lent to a direct subsidy to the industrialists of our Allies. 
Take the case of France, for instance, to whom it is 
proposed that we remit two-thirds of the debt, which is 
equivalent to a subsidy of $120,000,000 to her industrial- 
ists, and to the disadvantage of our own. 

We have our merchant marine to assist our commerce, 
and this is maintaining its world position in spite of 
the competition of subsidized fleets of other countries. 
We have our empire markets, which are constantly grow- 
ing. Our free trade system is at least a stimulus to our 
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shipping, although it does throw open to competing coun- 
tries the best credit and concentrated market. ; 

We have personnel with the best banking experience, 
and-in all our manufacturing trades highly skilled tech- 
nical men. In any case, conditions today, although ed- 
verse, are, if one reads history, infinitely better than 
- those recorded in the decade subsequent to the Na- 
poleonic Wars, even allowing, of course, for changed con- 
ditions. 

The problem is really a world problem, and our diffi- 
culty is the shrinkage of world trade. You as indus- 
trialists are familiar with the manner in which costs 
rise when the operating ratio is low. Industrially, Great 
Britain is equipped for a great output, but today we are 
only working 70% capacity because an impoverished 
world is compelled to restrict its purchases. Let me re- 
mind you of the conditions before the war, when our 
population was 2,000,000 and the volume of world 
trade to employ them was 22% less than it is today. We 
used to invest abroad annually $1,000,000,000, which was 
shipped in the form of manufactured goods. Today our 
resources permit no more than $150,000,000 per annum, 
wherefore a reduced demand for our goods. Simultane- 
ously we used to average an emigration before the war 
of 400,000 to 450,000 of our population, which incidentally 
came largely to the United States. You have put up the 
bars, and today emigration has sunk to 130,000. 
This increase of population constitutes our present un- 
employment problem. 

We shall now have to concentrate on a bold scheme of 
empire settlement. Hitherto, our emigrants have natur- 
ally turned first to the United States. They are in the 
main trained to industry, wherefore Austr: alia, New Zea- 
land, and Canada, being mainly agricultural, have not 
hitherto been able to absorb them. This has involved a 
social provision for these exceptional conditions. It was 
not to starve through unemployment that some 4 5000,000 
of our population mobilized at the close of a victorious 
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war returned to seek civilian employment. The economic 
disturbance from such a war inevitably demanded some 
novel provisions. The provisions of the Unemployment 
Insurance Act were extended. 

It is clear that this procedure commonly called the 
‘‘Dole’’ is widely misunderstood. The provisions of this 
act included certain trades before the war, but after the 
war it was extended to employed persons in all trades 
other than high agricultural workers and domestic ser- 
vants. It isa contributory scheme worked out on a scien- 
tific and strictly actuarial basis, the principle being that a 
flat rate of contribution per worker per week is paid into 
the Central Unemployment Insurance Fund. This contri- 
bution is deducted by the: employer from the worker’s 
wages, to which is added the employer’s contribution. 
These two payments are then matched by another flat 
rate payment by the State. The scheme was so balanced 
that in any normal state of trade the contributions would 
balance the probable drawings. What has happened can 
best be picturesquely likened to a sick benefit insurance 
fund when all the insured people went sick at the same 
time. The provisions of the scheme required a certain 
number of weeks’ contributions before the contributor, 
should he lose employment, would be entitled to draw 
any benefit. The benefits are $3.75 per adult male worker 
per week and $3.00 per adult female. Should unemploy- 
ment continue after a determined number of weeks, the 
contributor would cease to be entitled to draw benefits 
and would have to renew qualification by the necessary 
number of weeks’ contributions. Thus you will realize 
that the scheme is a scientific and progressive piece of 
social legislation, quite other than an unconditional pay- 
ment by the State to people who will not work, which is 
the too common impression existing in the United States. 
Its aim, of course, is to spread over industry the hard- 
ship of temporary conditions arising in any particular 
trade. You will remember that, owing to our free trade 
policy, our markets are open to the full intensity of world 
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competition, from no matter what cause it may arise. 
Picture for a moment the effect of depreciated currencies 
stimulating shipments from those countries of merchan- 
dise produced on a scale of wages measured in gold 
values altogether below any reasonable standard of liv- 
ing in Great Britain. It is not unnatural that this pro- 
duces a difficult attitude of mind among our workers. The 
menace of unemployment is constantly before them. The 
prospect of displacement of labor by labor-saving devices 
causes apprehension. They forget that limitation of out- 
put makes unemployment. They forget that neither an 
act of Parliament nor act of violence can establish wages 
beyond what the profits of industry permit. You will 
ask, How are these circumstances to be changed? What 
will lessen unemployment? My answer is that I have 
sufficient confidence in the future of mankind to feel sure 
that reconstruction in Europe is going to be progressive. 
Return to normality will increase the purchasing power 
of that Continent with the greatest white population of 
any. The’Dawes plan, in which the United States had 
such a conspicuous and important part, made a com- 
mencement. The next move is the stabilization of ex- 
changes; the balancing of budgets must precede this, and 
the settlement of interallied indebtedness must again 
precede that. 

Progress is being made, and it is hoped that in spite 
of the adjournment of the recent negotiations at Wash- 
ington, these may, in the near future, be reopened, and 
prosecuted to a successful conclusion. 

The stabilizing of exchanges would naturally be a tre- 
mendous stimulus to world trade recovery; in this, the 
demand for iron and steel would share. Statistics show 
that the average increased demand of the world for iron 
during the nineteenth century was 60% per decade. The 
potential demand of the world should very soon equal its 
productive capacity. But if the purchasing power of the 
world is to be increased to make this possible, the United 
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States’ resources must be loaned abroad in progressively 
increased volume. 

As has been told from so many platforms, the acquisi- 
tion of this great wealth involves an equivalent responsi- 
bility, and utilizing it, the United States will give real 
help in restoring international credit. In discussing for- 
eign investment, I find widespread anxiety about the for- 
eign borrower repaying. It would seem that American in- 
vestors have yet in the main to realize, if England’s ex- 
perience over the sixty years prior to the war was any 
precedent, that foreign loans do not get repaid. On the 
contrary, they probably afford the creditor the privilege 
of each year loaning abroad an amount equivalent to 
what is required to pay interest on the original invest- 
ment. But as this is always shipped in goods, so the 
volume of world trade progressively. increases. 

There will be many here who have not stopped to re- 
flect what conditions are produced in European countries 
by shortage of working capital. This shortage applies 
to virtually all countries east of the Rhine. This is re- 
tarding their internal development, even their agricul- 
tural production. Figuratively, you are compelling these 
people to dig with trowels because they have not the 
money wherewith to buy ploughs. Certainly, millions of 
acres of ground are today reaped with a seythe which 
fifteen years hence will be cut with binders. Here lies 
the part which the United States will take. 

Take Poland, for instance, a great country of nearly 
thirty million of people, potentially one of the wealthiest 
countries in the world if assets are measured against 
liabilities. Their per capita debt is but around $60, as 
against, say, $900 per capita for France. They have im- 
mense natural resources, an industrious and prolific pop- 
ulation, but they lack working capital for development. 

If we have any faith in the Treaty of Versailles, we 
must believe in the secure independence of Poland, and 
this the recent Treaty of Locarno has still further 
solidified. 
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The United States, by lending freely to Polish indus- 
tries, by taking an actual hand, let us hope, in develop- 
ing her manufacturing plants, such as sugar factories, 
flour mills, fertilizer works and agricultural implement 
factories, would rapidly develop a demand for diversified 
American products. Already Ford automobiles are pres- 
ent in numbers on the streets of Warsaw, Lemberg, and 
Cracow. 

I gather from the press that a situation of difficulty in 
the coal trade is developing with you. I therefore feel 
justified in adding a word about its position in Great 
Britain. 

Here again there is much misconception with regard 
to the recently granted subsidy. To orthodox business 
men this sounds a dangerous heresy, and a vicious prece- 
dent. Academically, it may be difficult to defend it, but 
I will ask you to consider for a moment the exceptional 
circumstances. The problem is not purely a domestic 
one—it is almost a world problem. The production of 
coal all over Europe was immensely in excess of demand. 
The decreased ‘‘industrial demand,”’ the substitution of 
oil burners for coal-burning ships, the development of 
hydro-electric power in industry, all contributed to pro- 
duce a grave situation in which all the European coal- 
producing countries were suffering proportionately. It 
appears inevitable that many of the old pits must be 
closed down, but you must remember that in old com- 
munities, the resulting immobility of labor, intensified 
in England by the housing difficulty, compels artificial 
alleviation to the normal economic process of the sur- 
vival of the fittest. 

Wages were already unreasonably depressed, an aver- 
age, I believe, of only around 40% above pre-war rates, 
whereas the average cost of living has increased, as you 
know, about 57%. 

‘To the employers a prolonged period of losses made a 
reduction of wages appear essential. In face of this, it 
was not unnatural that organized labor should oppose it. 
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The Government was therefore faced with a complete 
tie-up of industry, following simultaneous strike action 
by coal miners, railwaymen, and transport workers, or 
an artificial means of gaining a breathing space. 

A strike would have cost the revenue probably five 
hundred millions of dollars. 

In all these situations, public opinion is an important 
factor. 

There was doubt as to the fairness of a further wage 
reduction, doubt whether employers could not, by agree- 
ment among themselves, have surmounted the difficulty 
of the uneconomic pits. Nationalization is always a 
menace as a substitute for agreement by employers 
among themselves. 

There were thus two alternatives open to the Govern- 
ment, both equally unpleasant and costly, and remem- 
bering that it is not wise to fight on ill-chosen ground, the 
Government chose what appeared to be the cheaper, ob- 
tained breathing space, and set up a Committee to go 
through the whole situation with a fine-tooth comb. 

I believe much good will come from the investigation, not 
only to the coal trade, but to industry in general. It may be 
the means of compelling a new slant on labor philosophy. 

World conditions have been shifting rapidly, and per- 
haps the view of our employers has hardly kept step. 
Anyhow, coal forms an example of the need for inter- 
national contact. The collective examination of problems 
must be helpful. The livelihood of the workers cannot 
remain the victim of wide-open competition resulting 
from abnormal economic conditions. It is the case, we 
believe, that an era of great world progress is before 
us, that Europe in particular is heading for effective re- 
construction. 

As the United States gave a lead in the world confer- 
ence on disarmament, so it can give a lead in the discus- 
sion of the world economic problems. The United States 
is now admittedly the strongest factor in the economic 
situation in the world. Her immense resources throw on 
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her a proportionate burden. The recent agreements at 
Locarno must encourage us all. The nations of Kurope 
have made binding agreements for peace. What seemed 
incredible political difficulties have been overcome, and 
the path made clear for industrial progress. 

As business men, we can feel a tremendous stimulus, 
and it is because real progress is ahead that I have felt 
the greater confidence in surveying some of these world 
problems before this important gathering. 


JupceE Gary: Gentlemen, listen: Dr. Peter Munch is 
a member of the Danish Parliament and came to this 
country as a member of the Inter-parliamentary Union, 
which met recently at Washington. He was accompanied 
by his wife, who is also a member of Parliament and a 
delegate to the Inter-parliamentary Union. Thus it will 
be seen that their son, who is also here tonight, carries 
a large burden of responsibility to maintain the reputa- 
tion of his family. 

Dr. Munch is a member of a committee appointed by 
the Danish Minister of Social Welfare for considering 
a new arrangement in the relationships between em- 
ployers and workers, and, while here, is investigating 
such relationships in various industries in this country. 

Dr. Munch is a scholarly man. He has written several 
books and has been instructor at the University of Copen- 
hagen. He is a member of the Radical Left Party, which 
is the more progressive outgrowth of the old Left Party. 
He was Minister of the Interior in Denmark in 1910, and 
Minister of Defense in 1920, 

Dr. Munch, for twenty years, has been attending inter- 
national conferences, especially on the subject of dis- 
armament. He was a member of the Danish delegation 
to the Peace Conference in Paris, and has recently rep- 
resented Denmark at the League of Nations. 

Dr. Munch will speak to you in French. Afterwards 
his remarks will be repeated to you in English by our 
Secretary. 
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Dr. Peter Muncu: Mesdames, messieurs: La direc- 
tion de votre corporation m’a fait ’honneur de me de- 
mander d’expliquer en quelques mots ma conception de 
la Société des Nations et de la situation européenne aprés 
Vaeecord de Locarno. 

Au cours des trois semaines que je viens de passer ici 
en Amerique a l’oceasion de la Conférence de |’Union 
interparlementaire j’a pu constater avec une vive satis- 
faction qu’il y a dans votre pays un grand intérét pour 
l’évolution de la politique européenne. C’est tout naturel. 
Certes les Etats-Unis sont assez forts et assez riches 
pour pouvoir dire: Nous nous suffisons a nous-mémes, 
nous n’avons pas besoin ni de |’Hurope, ni des autres 
continents. Cependant, les événements sont la pour dé- 
montrer qu’aucune partie du monde n’est tout-a-fait 
indépendante des autres pays. L’Amérique n’était pas 
obligée, ni par des conventions, ni par des intéréts par- 
ticuliers A prendre part dans la Grande Guerre. Néan- 
moins les malheurs de la Guerre ont provoqué dans le 
peuple américain un mouvement si fort que vous vous 
étes lancés dans cette guerre si lointaine afin d’assurer 
la victoire de la cause que vous avez jugé juste et de 
eréer pour l’avenir les conditions d’une paix durable. 
Aprés la Guerre |’Amérique est libre comme elle l’a été 
autrefois, elle n’est liée par aucune obligation a se méler 
des événements européens, et peut-étre il y a ici des poli- 
ticiens qui disent: ‘‘A l’avenir les Huropéens peuvent se 
faire la guerre comme ils veulent, nous ne voulons pas 
nous oceuper de leurs affaires.’? Ht néanmoins, si une 
nouvelle guerre éclate, si |’Europe, |’Asie, |’ Afrique 
sont de nouveau dechirées par des combats sanglants, 
il n’est pas sfir que vous ne verrez pas encore une fois 
un mouvement irrésistible entrainer aussi les Etats-Unis 
dans la guerre. Et en tout cas, si riche, si puissante 
que soit |’Amérique elle a besoin, elle aussi, de relations 
avec les autres continents, dans la vie intellectuelle et 
dans la vie économique. L’Hurope avec sa population 
de 500 millions est, et restera 4 |’avenir, un marché im- 
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portant pour |’Amérique. Si des guerres dévastatrices 
détruissent la vie économique de |’Hurope, les Etats- 
Unis aussi en souffriront. 

C’est pourquoi e’est tout naturel que méme en restant 
au dehors de la Société des Nations, votre grand pays 
s’intéresse vivement aux efforts de la Société pour 
assurer la paix en réduisant les armements et en mettant 
au lieu des décisions par les armes les décisions justes 
d’une cour internationale. 

On souleve souvent la question: la Société des Nations 
n’est-ce pas une faillite, n’a-t-elle pas échouée dans tous 
les domaines importants? Je réponds : tout commencement 
est difficile; la Société est née dans un temps dur ov les 
Kitats européens sont encore bouleversés par la guerre, ou 
une haine profonde régne dans les coeurs des nations les 
plus puissantes. La Société n’a pas pu faire de miracles. 
Cependant, si elle n’a pas fait tout, elle a fait quelque- 
chose. La Société des Nations est dés maintenant une 
réalité avec laquelle tout homme d’Etat doit compter. La 
Société, si imparfaite qu’elle soit, est néanmoins l’asso- 
ciation d’Etats la plus universelle que l’histoire n’ait con- 
nue jusqu’ici. Les cinquante cing Etats dans la Société 
englobent une population de 1400 millions, plus que les 
trois quarts de la population totale de la terre. Et 
bient6t il faudra ajouter aux 1400 millions les soixante 
millions de l’Allemagne. Cette ligue d’Etats a une con- 
stitution, un ministére, un parlement, une cour de justice, 
une organisation administrative, un budget. La Société 
dans ses premiéres cing années a été la médiatrice dans 
toute une série de conflits difficiles. Quelques-uns de 
ces conflits n’ont recu qu’une solution imparfaite, il 
faut le reconnaitre, mais en tout cas, la guerre a été 
évitée. La Société a organisée, en grande partie en col- 
laboration avee les Ktats-Unis, une oeuvre humanitaire 
d’une trés grande importance; elle a réalisé 3 beaucoup 
d’égards une collaboration pratique entre les divers 
Ktats. Et, ce qui sera peut-étre & Vavenir le plus im- 
portant, il s’est eréé & Gendve un milieu international 
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ou les hommes d’Etats apprennent, pour ainsi dire, A 
comprendre la solidarité de toute ’humanité. 

Cependant, jusqu’ici la Société n’a pas réussi A réaliser 
la réduction des armements, attendue avec tant d’impa- 
tience dans toutes les nations. Le sentiment d’insécurité 
qui a prévalu dans un grand nombre d’Etats l’a empéché. 
Les grandes marines ont été limitées par les décisions de 
la conférence de Washington, due A l’initiative des Etats- 
Unis. Mais nous attendons encore une réduction sérieuse 
des grandes armées et méme pour les marines la réduc- 
tion ne correspond pas encore a |’idéal qui a inspiré les 
fondateurs de la Société. 

L’un an aprés l’autre le probléme de la réduction est 
revenu dans les discussions 4 Genéve. L’année derniére 
Assemblée des délégués croyait avoir trouvé la solu- 
tion. Le protocole de Genéve devrait créer le sentiment 
de sécurité si ardemment désiré et la réduction des arme- 
ments suivrait la sécurité. Mais, cet essai aussi a 
échoué, et la déception a été si profonde que méme la 
préparation technique de la Conférence de désarmement 
a été suspendue. Cette année l’Assemblée de Genéve 
s’est passée dans l’attente du résultat des pourparlers 
de Locarno. Penetrée de l’espoir de voir aboutir ces 
pourparlers 1’Assemblée a décidé de proceder de bonne 
heure A une préparation soigneuse de la Conférence de 
désarmement. Cette fois les espérances n’ont pas ¢té 
déchues. Je connais seulement les accords de Locarno 
par des comptes-rendus des journaux assez sommaires, 
mais c’est évident qu’un résultat décisif a été obtenu. 

On a abouti a un accord entre la France et |’ Allemagne, 
garanti par l’Angleterre. L’évolution qui a eu lieu dans 
Vopinion publique pendant les derniers dix-huit mois, 
surtout en France, mais jusqu’a un certain dégré aussi 
en Allemagne, permet d’éspérer aprés cet accord, si non 
une réconciliation compléte, au moins un rapprochement 
entre ces deux grandes nations. Un tel rapprochement 
sera décisif pour la politique européenne. I] y a en 
Hurope beaucoup de questions difficiles. Mais la ques- 
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tion la plus difficile, la question qui domine toutes les. 
autres, ¢’est l’antagonisme entre la France et |’Alle- 
magne. Cette question une fois résolue toutes les autres 
questions seront beaucoup plus faciles. 

_ Par les accords de Locarno |’Europe a fait sans doute 
un pas décisif en avant vers |’idéal proclamé d’abord par 
le président des Etats-Unis, puis par la Société des Na- 
tions. Je suis certain, que vous, citoyens de la grande 
république américaine, serez les premiérs a vous en 
réjouir. Les Etats-Unis ont été d’avis qu’ils peuvent le 
mieux contribuer a la paix durable en restant au dehors 
de la Société. Je ne veux pas ni approuver, ni critiquer 
cette conception. C’est a vous de décider cette question, 
ce n’est pas a nous autres d’en juger. 

En tout cas, nous sommes persuadés que |’attitude des 
Ktats-Unis est dictée par la conviction que e¢’est 1A la 
meilleure maniére de réaliser les idées de paix et de 
justice. Les admirables efforts pour la réconciliation in- 
ternationale qu’a fait le Carnegie Endowment est un 
grand témoignage de l’amour pour la paix qui régne 
dans les Etats-Unis. Nous avons vu que le Gouverne- 
ment américain est prét 4 collaborer avec la Société dans 
beaucoup d’égards. Nous savons que votre Etat sera 
aussi le collaborateur, peut-étre le collaborateur le plus 
influent, dans le travail pour la réduction des armements 
que nous avons maintenant devant nous. Peu importe 
si la Conférence de désarmement aura lieu A Washington 
ou 4 Genéve, sur l’initiative de votre président oa sur 
l’initiative de la Société. L’essentiel, c’est qu’elle ait 
lieu et qu’elle aboutisse a un résultat pratique. 

Il est nécessaire d’aboutir. Nous avons & ce moment 
devant nous quelques années de respit autant que la 
faiblesse et la lassitude créée par la derniére guerre em- 
péchent une guerre nouvelle. Tl faut absolument profiter 
de ce respit pour assurer une paix durable. Les sciences 
techniques qui ont amenés tant de progres merveilleux 
dans tous les pays, mais surtout ici en Amérique, ont 
donnés en niéme temps aux hommes des moyens de 
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destruction dont ils n’ont disposé dans aucune autre 
époque. Si terribles sont les moyens modernes de destruc- 
tion qu’une guerre nouvelle peut amener l’anéantissement 
total des grandes villes, peut-étre mémes la destruction 
de toute une nation. ‘Out la Guerre tuera la civilisation, 
ou la civilisation tuera la Guerre,’’ a dit un des ministres 
de l’Angleterre. C’est vrai. Les nations ont a choisir 
maintenant entre une guerre plus terrible, plus déstruc- 
tive qu’aucune des guerres innombrables que l’humanité 
a vu jusqu’ici et une paix durable basée sur la recon- 
naissance de la liberté des nations et sur la justice. Toutes 
les bonnes volontés, de ce coté et de l’autre coté de 1’ Atlan- 
tique, se réuniront pour faire triompher la cause de la 
paix, la cause de l’humanité. 


SecRETARY CxLarKeE: It is a great honor to read to you 
a translation of the very interesting address of Dr. 
Munch (reading) : 


Dr. Peter Muncu: Ladies and gentlemen: The Presi- 
dent of your society has done me the honor to request 
me to explain briefly my conception of the League of 
Nations and of the European situation following the 
Treaty of Locarno. 

During the three weeks which I have just passed in 
America at the Conference of the Inter-parliamentary 
Union, I have noted with extreme satisfaction the 
interest displayed in your country in the evolution of 
European politics. This is entirely natural. Certainly 
the United States are strong enough and rich enough to 
be able to say: We are sufficient unto ourselves; we have 
need neither of Europe nor of the other continents. How- 
ever, events have proved that no part of the world is 
entirely independent of other countries. America was 
not obliged, either by conventions or by special interests, 
to take part in the Great War, but the sorrows of that 
war moved you so strongly that you were impelled to 
throw yourselves into that far distant struggle in order 
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to assure victory for the cause which you thought just 
and to create for the future the conditions of a lasting 
peace. After the war America was as free as she had 
been before. She had placed herself under no obligation 
to mix in European affairs; and perhaps there were here 
some politicians who said: ‘‘In the future let the people . 
of Kurope make war as they will; we are not concerned 
in their affairs.’’ Nevertheless, if a new war should 
come, if Europe, Asia or Africa should be rent anew by 
bloody combat, it is by no means certain that you would 
not see once more an irresistible movement to draw the 
United States also into that war. In any case, however 
rich or powerful America may be, she has need of rela- 
tions with other continents in the intellectual and the 
economic life. Europe, with its population of 500,000,000, 
is, and will remain in the future, an important mart for 
America. If devastating wars destroy the economic life 
of Kurope, the United States also will suffer. 

That is why it is natural, even while turning aside 
from the League of Nations, that your great country 
should take a lively interest in the efforts of that League 
to assure peace by the reduction of armaments and by 
substituting for the decisions by arms the just decisions 
of an international court. 

The question is often asked: ‘‘Is not the League of 
Nations a failure? Has it not broken down in all the im- 
portant domains?’’ I answer: All beginnings are diffi- 
cult. The League was born in a difficult time, when the 
Kuropean states were still unsettled by the war, when a 
deep hatred reigned in the, hearts of the more powerful 
nations. The League has not been able to work miracles. 
However, although it has not accomplished everything, 
it has done something. The League of Nations is now 
a reality with which all politicians must count. The 
League, however imperfect it may be, is nevertheless the 
most universal association of states that history has ever 
known. The fifty-five states in the League comprise a 
population of fourteen hundred millions, more than 
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three-quarters of the population of the globe. And soon 
there will be added to these fourteen hundred millions 
_ the sixty millions of Germany. This array of states has 
a constitution, a cabinet, a parliament, a court of justice, 
an administrative organization, a budget. The League 
in its first five years has been the intermediary in a series 
of difficult conflicts. Some of these problems have had 
but an imperfect solution. That fact must be admitted; 
but in all cases war has been averted. The League has 
organized, mainly in collaboration with the United States, 
a humanitarian work of very great importance; it has 
brought about in many respects a practical co-operation 
between the different states; and, what will be perhaps 
in future the most important achievement of all, it has 
created at Geneva an international medium where states- 
men may learn, so to speak, to comprehend the solidarity 
of all humanity. However, up to the present time, the 
League has not been able to effect the reduction of 
armaments awaited with so much impatience by all the 
nations of the world. The feeling of insecurity which has 
prevailed in a great number of states has prevented that. 
The great navies have been limited by the decisions of 
the conference at Washington, due to the initiative of the 
United States. But we still await a serious reduction in 
the great standing armies; and even in the navies the 
reduction does not yet correspond with the ideal to which 
the founders of the League aspired. 

Year after year the problems of reduction have come 
- up again in the discussions at Geneva. Last year the 
Assembly of Delegates believed they had found the solu- 
tion. The protocol of Geneva ought to have created the 
feeling of security so ardently desired, and the reduc- 
tion of armaments should have followed that security. 
But this attempt also failed, and the disappointment has 
been so profound that even the technical preparation of 
the Conference on Disarmament has been suspended. 
This year the Assembly at Geneva has awaited the result 
of the conferences at Locarno. Hopeful of seeing these 
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conferences terminate successfully, the Assembly has 
decided to proceed immediately to a careful preparation 
for the Conference on Disarmament. This time their 
hopes have not been blasted. I know the agreements of 
Locarno only from the brief accounts given in the news- 
papers, but it is evident that a decisive result has been 
obtained. Out of it has come a treaty between France 
and Germany, guaranteed by England. The evolution 
which has taken place in public opinion during the last 
eighteen months, especially in France, but also to a 
certain extent in Germany as well, permits the hope that, 
after this treaty, there may be, if not a complete recon- 
ciliation, at least a better feeling and understanding be- 
tween these two great nations. Such a reconciliation will 
have a decisive effect upon European politics. There are 
in Europe many difficult questions. But the most difficult 
question, the one which dominates all others, is the 
antagonism between France and Germany. That ques- 
tion once settled, all the others will be much easier to 
deal with. ' 

By the treaties of Locarno Europe has without doubt 
taken a long step forward toward the ideal originally 
proclaimed by the President of the United States, then 
by the League of Nations. I am positive that you, the 
citizens of the great American Republic, will be the first 
to rejoice. The people of the United States have been 
convinced that they can better contribute to a lasting 
peace by turning their backs on the League of Nations. 
I desire neither to approve nor to criticize that opinion. 
It is for you to decide that question for yourselves; it 
is not our part to judge you. 

We are persuaded that the attitude of the United 
States is dictated by the conviction that it ean best there- 
by help to realize the ideas of peace and of justice. The 
efforts for peace which have been made by the Carnegie 
Kndowment are a great witness for the love of peace 
which reigns in the United States. We have seen that the 
American Government is ready to collaborate with the 


AFTER-DINNER ADDRESSES—MUNCH 415 


League in many respects. We know that your country 
will also collaborate, will perhaps be the most influential 
collaborator, in the great task of bringing about the re- 
duction of armaments which we have before us. Small 
difference whether the Conference on Disarmament will 
take place in Washington or in Geneva; at the instigation 
of your President, or by the initiation of the League! 
The essential thing is that it shall take place, and that it 
bring about a practical result. We must bring about that 
result. We have some years of respite while the weakness 
and the lassitude created by the last war prevent a new 
war. We must profit by this respite to assure for our- 
selves a lasting peace. 

Science, which has made such marvelous progress in 
all countries, but especially in America, has at the same 
time given to men means of destruction which were not 
at their command in any other epoch of the world. So 
terrible are the modern means of destruction that a new 
war can wipe out great cities and even bring about the 
destruction of an entire nation. Hither war will destroy 
civilization or civilization will destroy war, one of the 
ministers of England has said. It is true. The nations 
must choose now between a war more terrible, more 
destructive than any of the other wars which humanity 
has ever seen and a peace based upon the recognition of 
the liberty of nations and upon justice. All good en- 
deavors on this side and on the other side of the Atlantic 
will unite to make triumphant the cause of peace, the 
cause of humanity! (Applause.) 


Juper Gary: The Hon. Charles Nagel, a distinguished 
and leading lawyer of St. Louis, Secretary of Commerce 
in the Cabinet of President Taft, happened to be in New 
York on legal business. We were fortunate to catch him, 
to draft him for this dinner and to secure his promise to 
make a few remarks. It is my pleasure to introduce him. 
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Hon. Cuarutes Nace: Mr. President, ladies and gentle- 
men: I trust that you are prepared to believe that I am 
as innocent of this appearance as you are. I vaguely 
recall that during my term of office some things were 
done in my department that might not have been calcu- 
lated to prepare me for so cordial an introduction. Per- 
haps that is another evidence of the happy trend of the 
times. I am very fortunate in finding myself in such 
complete agreement with your President, because other- 
wise I really would not know how to extract myself from 
this position. 

However happy the trend may be, I am of the opinion 
still that the great immediate problem of our time is how 
shall that trend find direction. In other words, how shall 
democracy express itself; that is our problem. To what 
degree shall we trust to the great voluntary spirit of the 
people, as Great Britain did in her great days, and in 
what measure shall the steps of that progress be directed 
and controlled by state power? 

I believe in law and order; but I believe also that one 
of the greatest dangers to our country is the disposition 
to what is properly called over-legislation. I am not pre- 
pared to say that the teachings of Herbert Spencer and 
John Stuart Mill would today fit our conditions; because 
we have developed from the English method and have 
recognized public welfare as a distinct subject of regula- 
tion and control and protection. But notwithstanding 
that fact, I profoundly regret that some of our more 
influential legislators do not appear to have ever read 
either Herbert Spencer or John Stuart Mill; and if they 
had, perhaps we would have more tempered legislation, 
—even where temperance is the chief object of our aim. 

We have developed; we have grown out of the old 
method; and we have not quite found the new one. We 
had a leadership just as England had. We spoke of our 
old method of recognizing economy and gradually accept- 
ing it as law, the judges and chancellors ruling in aceord- 
ance with what they supposed to be the popular will, 
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recognizing always that without that will no rule of con- 
duct can survive. 

We had leadership as England had. In the days of the 
Constitution we had Alexander Hamilton, Jefferson, 
Washington, Adams, and others. We love to speak of 
them and glory in the strength of those men; but we 
forget the most significant fact, and that is that in those 
days we had people who could listen and understand and 
follow such men. We have not got them today. We have 
got democracy stampeded. 

I am not a pessimist; if I was not an optimist I would 
not waste my time talking about it. But we have not solved 
the problem. We have become adherents of the false 
belief that any statute written and printed becomes a law. 
It is in one sense a law; but it is bound to become an 
obsolete law and finally a dead letter. As great a man 
as James C. Carter said it would never be the law if it 
did not have the will of the people behind it. 

We have become worshippers of the letter at the ex- 
pense of the spirit. We have really come to believe that 
we can substitute by legislation on Monday a statute for 
the inspiration of a Phillips Brooks or a Cardinal 
Gibbons. It is a mistake. Some things must be left to 
the inspiration of the individual. There must be leader- 
ship. 

Mr. Neverson, the Englishman, told me at one time 
that nothing had impressed him so much as the docility 
of the American people. That was a severe criticism. 
But we are yielding to conventional standards; our legis- 
lative system is based upon the idea that humanity can 
be standardized, as though we could really all be equal, 
when Providence has taken care of it that we never shall 
be. We should recognize the fact and get the advantage 
of it; and you cannot thrive without it. Any attempt to 
substitute for the will of the man or woman to be right 
and to be good an outside force or power, is bound to 
deteriorate the whole community, because he who is con- 
trolled in his conduct by an outside force has lost all 
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vitality to exercise a beneficial influence upon anyone else. 
You cannot make an individual to order. Abraham 
Lincoln’s words are still truthful, ‘‘He who moulds the 
public sentiment exercises far greater influence than he 
who enacts or enforces statutes.’’ 

I am not opposed to legislation; but I think we have 
drifted into a condition where the legislative program 
is left at the mercy of small minorities, very zealous and 
very active. Sometimes it is ‘‘this?? and sometimes it 
is ‘‘that.’? Owing to the indifference of the great mass of 
the people these minorities are made effective in putting 
upon the statute books laws, the purpose of which may be 
good enough but the inequity of which becomes apparent 
as soon as they are enacted. 

Anatole France says, I believe, that he prefers the folly 
of passion to the wisdom of indifference. I should accept 
that; but I deny that there is such a thing as the wisdom 
of indifference. Indifference is never anything but unwise 
and stupid. I never regretted any word more than the 
word normaley, because normalcy spells death, the end of 
all things. When we cease to fight and to struggle, 
individually and as a nation, we cease to be worth living. 

You ask me what has that to do with our institutions. 
I say, everything. 

If the interpretation of the Sherman Act which is now 
accepted, practically at least, had been recognized in the 
beginning, we should never have been embarrassed by 
the Webb Act or the Clayton Act. It was in part the 
resistance without imagination on the part of large busi- 
ness, in greater part the desire of prominent lawyers to 
get. large fees, and in part the inability of the courts 
themselves to put upon that law the broad and generous 
interpretation which Congress itself had obviously 
intended. For twenty-five years we struggled, lost time, 
created bitterness, ill feeling, and sueceeded in the mean. 
time in supplementing that Act with further legislation, 
the chief distinction of which is that it embodies a bill of 


AFTER-DINNER ADDRESSES—NAGEL 419 


indictment which any district attorney who knows nothing 
else can copy and say, ‘‘You are guilty.’’ 

That is where we have arrived. The same thing holds 
true as to individuals. Throughout there is the attempt 
by the letter to dictate to the spirit. 

I should say even in foreign affairs we are in danger 
of falling into that same error. No one would be more 
ready than I to say that we cannot prosper at the expense 
of our neighbors. Every competitor in business knows 
now that that was a fallacy. We cannot.prosper in this 
country at the expense of our debtors, broadly speaking. 
We are interested in having them live and succeed, as 
they are in us. 

But I trust more in the popular will for peace and 
mutual success than I do in any pact that politicians can 
draft. We say that we have a League of Nations. We 
have not got it. We have got a league of governments 
and those governments are run just exactly as they were 
before the war, by a few men. 

Now I do not wish to discourage or be understood as 
trying to discourage; but I do mean to say that, if this 
war has brought anything good to this world, it is that 
it has aroused public sentiment for broad principles of 
peace and justice by which all the nations must live and 
prosper; and if we want those principles: to survive, it 
will not be done by conventions or pacts but by the 
popular demand that it shall be, and that they will stand 
for nothing else. (Applause.) So it is with the individual. 
The President has spoken upon that subject, in speaking 
for toleration and for justice among men. We are not 
here in a position to perpetuate the ascendancy of any 
race. In fact, if it had not been for the late Immigration 
Act, I am not quite sure whether some of us Americans 
would have forgotten how to work. One of the most 
advantageous points of that law is that compulsion; 
indirect. No race can assume supervision over any other 
race, if our institutions are to stand. Lincoln was always 
right: no man is good enough to govern another. That is 
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not restricted to the black man’s race. There are many 
stages up and down. At least if some people had their 
will those stages would be preserved. 

We can live only upon toleration, recognition of that 
which is good, no matter where the man or woman may 
come from; denunciation of that which is evil, no matter 
where it may have found its inception. 

We can have no imitation Americanism. Most of the 
conferences that I have listened to and have been invited 
to participate in have seemed to be but nothing. 

If a man is to become an American by imitating some- 
body else I would not trust him in the hour of need. If an 
American is ashamed of where he comes from, I doubt 
him in the hour of stress. I want him to admit where he 
comes from. I want him to have a conscience and soul and 
make it American. I want him to know that he comes 
forward to give the best he has by inheritance or acquisi- 
tion to this country, in the American spirit. And because 
the President took that step I look to him as the Presi- 
dent who has made the most significant speech that I have 
read for at least fifteen years from any President, be- 
cause he has given us the foundation for mutual respect 
and he has given us one principle upon which we may 
become what we must be, for our salvation and in justice 
to other nations, namely, a united people. ( Applause.) 


Jupce Gary: We are all very sorry Mr. Schwab could 
not be with us tonight, or is not here. We miss him very 
much. 

We thank you for coming. Good night. 
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*Plummer, James 
Pollock, J. K. 
*Poole, Major 
*Porter, R. W. 
*Pouch, W. C. 
*Poucher, R. I. 
Pratt, H. W. 
brat, tice 
Prendergast, W. C. 
*Prenosil, S. W. 
*Prescott, W. B. 
Price, E. F. 
“Price, Heb. 
Price, J. M. 
*Priestley, W. J. 
*Prince, Clarence K. 
Pritz, Larry G. 


*Pumphrey, E. D. 


Purnell, Frank 


*Quayle, B. A. 
*Quilter, F. 
Quinn, Clement K. 


*Ralston, John <A. 
Ramage, W. H. 
Ramsburg, C. J. 
*Ramsey, W. H. 
*“Rashleigh, Charles J. 
Rawstorne, CG. D. 
“Rayburn, L. A. 
Raymond, Henry A. 
*Readmon, H. P. 
*Reason, E. L. 

*Reed, L. M. 

Reed, Walter 8S. 
Reeves, Samuel J. 
*Reid, John W. 
Reilly, Edgar J. 
*Remington, F. 
*Reno, C. S. 
Renshaw, E. J. 
*Renshaw, R. D. 
Reynders, John V. W. 
*Rice, C. L. 

*Rice, N. M, 

Rich, W. G. 
*Richards, Earnest 
Richards, F. B. 
*Richards, K. @. 
“Richardson, H. Q, 
“Riddell, John F., Jr, 
Riddle, L. EB. 
*Riker, C. W. 


*Riley, J. Joseph 
*Risdon, J. W. 
*Robb, John M., Jr. 

Robbins, Frank A., Jr. 

Roberts, J. H. 

Robertson, W. F. 
*Robertson, W. Lowell 
“Robins, Thomas 

Robinson, C. 8. 

Robinson, H. E. 

Robinson, T. W. 
*Rochester, R. K. 

Rockwell, L. D. 

Rodman, Clarence W. 

Roesch, J. A., Jr. 

Rogers, William A. 

Rogers, William 8. 
*Roig, Juan 

Romeyn, Radcliffe 
*Roof, Jay 
*Root, F. Jerome 

Rose, George E. 
*Roser, C. G. 
“Rosewater, Victor 

Ross, L. P: 

*Rowe, H. E. 
*Rowe, W. L. 
*Royer, H. B. 
*Rubio, Luis 
*Rudd, William 

Ruder, W. E. 
“Ruhlender, Henry 
*Rukeyser, M. S. 

Rumney, John G. 
*Runyon, Robert 
“Rushmore, George C. 
*Russell, A. G. 
*Russell, W. A. 

Rust, H, B. 

Rust, W. F. 
“Rutherford, W. 8S. 
“Ruzicka, Charles 

Ryding, H. C. 

Ryerson, Donald M. 


St. Clair, F. G, 
*St. John, Dr. A. 
*Sager, F. W. - 
*Saklatwalla, B. D. 

Sanderson, Richard 
“Sanford, H. 8. 
“Santry, Joseph 
“Satterlee, W. F. 

Satterthwaite, George 

Savage, H. D. 

Sawhill, E. P. 

Sawyer, Harry N. 
*Saxman, M. W. 
“Scammell, F. A. 

Schaefer, Philip 

Schaeffer, Arthur 

Schiller, William B, 


Sehleiter, W. F. 
*Schmid, M. H. 
*Schoenly, J. H. 
*Scholl, Joseph 
*Schott, Robert A. 
*Schrage, W. C. 
“Schroeder, Harry 
*Schultz, F. W. 
*Schultze, Paul 
“Schuster, R. M. 
*Schuurman, J. E..- 

Schwarzenberg, E. A. 

Scofield, Charles E. 

Scott, G. C. 
*Scott, Rumsey W. 

Scott, We W.,. Jr 
*Seeton, George W. 
*Shaeffer, J. W. 

Shants, G. T. 
*Shearer, R. B. 
“Sheeran, James A. 

Sheldon, Samuel B. 
*Sheridan, R. J. 

Shick, F. A. 

Sias, John M. 

Simonds, A. T. 

Simpson, W. B. 
*Simson, George F. 

Sinclair, Dunean G. 
*Sinnott, W. C. 

Sites, F. R. 
*Sitler, J. M. 
*Skinner, James 

Slocum, Frank S. 

Smith, Austin D. 
*Smith, Abram E. 
*Smith, David H. 
*Smith, Dudley J. 

Smith, F. K. 
*Smith, George E. 
*Smith, H. J. 
*Smith, Theodore 
*Smyth, W. B. 
*Smythe, D. C. 
*Snow, L. B. 

Snyder, George T. 

Snyder, H. S. 
*Snyder, J. K. 

Snyder, Q. 8S. 
*Solomon, H. Alfred 

Solomon, Max 

Somers, Joseph T. 
*Southwell, R. J. 


Sparhawk, Edward M. 


Speller, F. N. 
Spilsbury, H. G. 
*Spinning, Chas. 
*Sprong, J. White 
Sproull, E. T. 
Stafford, Samuel G. 


Stambaugh, H. J., Jr. 


Stark, C. J. 
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*Starr, G. W. 
Stebbins, H. 8. 
Steel, Charles C. 

*“Steenson, W. J. 
*Steuler, R. W. 
*Steven, F. R. 
Stevenson, A. A. 
Stevenson, M. R. 

*Stevenson, W. C. 
*Stewart, Daniel C. 
Stewart, Hamilton 
*Stoll, H. E. 
Stone, Charles F. 
“Stone, Howard L. 
“Story, i. JP: 
*Stout, E. C. 
AStoubsai. ‘C. 
“Stover, Holly 
*Stratton, M. H. 
Stratton, W. H. 
*Strauss, David 
Strohm, H. C._ 
“Strout, R. W. 
*Stuckless, E. C. 
“Sturgeon, R. G. 
*Sturtevant, Paui 
Sullivan, G. M. 
Sullivan, George R. 
*Sullivan, Livingston 
Sullivan, W. J. 
*Sully, R. A. 
*Summerall, Major 

General C. P. 
Summers, Harry W. 

*Summers, M. C. 
Sussman, Julius 
Sutherland, W. C. 
‘Sutlitt, 205 
Swank, Ralph L. 
Swann, Theodore 
*Swartwout, H. W. 
Swartz, Alfred H. 
*Swartz, D. F. 

“Sweet, W. A. 
Swindell, E. H. 


*Talbot, B. 

Talbot, Benjamin 
*Tallerday, Howard 
*Taylor, Carl D. 

Taylor, Clifton 
= Damion, Be «Gs 
May lois ara. 
*Taylor, Joseph R. 

Thomas, A. J. 
*Thomas, C. E. 

Thomas, Edwin B. 

Thomas, E. P. 

Thomas, George, 3rd 
*Thomas, W. D. 

Thompson, D. P. 

Thompson, HE. D. 
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“Thompson, Frank 
Thompson, John FP, 
Thorp, G. G. 
*“Thun, Ferdinand 
Tickner, Frank W. 
Tobias, William M. 
Todd, William B. 
Towne, Thomas 
Townsend, A. J. 
Townsend, H. E. 
“Townsend, L. K. 
*Trainer, Joseph A. 
Tredennick, H. L. 
*“Tredennick, John 
*Tremaud, Mr. 
Trimble, H. N. 
*Tripp, R. B. 
Tucker, R. 8. 
*Tulloch, J. R 
Tutein, Dexter A. 
Tutein, HE. Arthur 
*Tyroler, Mark L. 


Unger, J. 5S. 
*Upham, C. M. 
Uphouse, H. G. 
Utley, ‘S. W. 


VanCleve, A. E. 
*Vandervort, Ff. F. 
Vann, J. A. 

Vant, George H. 
*Vant, John 
*Vawter, EH. 

Velte, R. C. 
Verity, Geo. M. 
Vogt, A. W. 
Voigt, Paul F., Jr. 
*Vosburgh, F. J. 
Vosmer, William F. 


Waddell, Jacob D. 
*Wade, Horace 
*Wagner, E. J. 
*Wagoner, A. L. 
*Wahlberg, Axel 
Waldeck, Jay 
Waldo, Fred J. 


_*Walker, G. B. 


*Walker, J. M. 
*Wallis, W. B. 
*Walsh, Philip C., 3rd 
*Walsh, William J. 
Walters, F. W. 
*Walters, L. D. 
Walton, H. G. 
*Walton, T. M. 
Wiel relion dels 
iain: 
Wardwell, H. F. 
Warner, Jonathan 
Warren, J. B. 
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Warren, W. H. 

WV assets Day cl 
Waterman, F. M. 
*Watson, G. E. 
Watson, Walter E. 
Wayland-Smith, R. 
Wean, R. J. 
Wegener, E. R. 
*Weiss, F. A. 
*Weitzenlson, J. W. 
Wells, Robert G. 
West, Arthur 
Wetherell, L. H. 
*Wetzel, John E. 
*Weyman, Samuel T. 
Weymouth, F. A. 
*Whaley, A. R. 
*Wheeler, R. A. 
*Wherry, W. G. 
*Whitaker, H. A. 
*White, C. S. 
*White, Hubert A. 
*Whiting, John F. 
*Whitney, R. H. 
*Whittemore, Andenreid 


Whitworth, E. A. 
Whyte, George 8. 
*Wilckes, Felix 
*Wilckes, Ferdinand 
*Wilder, L. R. 
Wilkin, J. T. 
Wilkinson, H. 8. 
Willard, Leigh 
*Willeox, F. H. 
Wille, Fred 
*Williams, David P. 
Williams, E. H. 
*Williams, G. F. 
Williams, H. D. 
*Williams, Herbert L. 
Williams, I 


Williams, Leonard W. 


*Williams, R. B. 
*Williams, W. W. 
*Willing, George, Jr. 
*Willitts, C. R. 
Wilputte, Louis 
*Wilson, H. A. 
Wilson, James 
Wilson, Willard 
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Wincekler, E. E. 
*Wing, W. F. 

*Wirrer, G. 

Witherow, W. P. 
*Wolf, D. O. 
Wolhaupter, Benjamin 
Wood, Howard, Jr. 
*Wood, John T. 
Woods, John E. 
Worrilow, W. H. 
Worth, E. H. 
Worton, Samuel G. 
Wright, S. D. 

*Guest of 8. D. Wright 
Wright, William H. 
*Wykoff, R. 
*Wyzalek, John 


Yeates, F. C. 
*Yohe, Coat, 
Younglove, E. H. 


Zeller, Ho P. 
*Ziesing, H. H. 
Zimmerman, R. E. 
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Abbe, A. N. 
*Abbott, C. C. 
*Abbott, .R. B. 
Abel, A. E. 
*Ackerman, C. 
Adams, E. M. 
Adams, F. 
*Adams, R. G. 
*Addams, Homer 
Affleck, B. F. 
Agnew, John D. 
*Ahrens, J. F. 
*Aigeltinger, A. 
Akin, Thomas R. 
Alder, TP. 


*Alexander, Dr. Magnus 


*Allderdice, Norman 
*Allen, A. A. 
*Allen, Jack 

Allen, John N. 
Atlen, J. P. 
*Allen, P. B. 

* Allen, W. H. 
Alley, James C. 
Allyn, A. W. 

* Alvarez, Charles N. 
Anderson, Brooke 
*Anderson, George L. 

Anderson, Nils 
Andrews, J. I. 
*Appleton, J. T. 
*Armstrong, John J. 


Armstrong, Victor C. 


Arnold, L. L. 
Arthur, T. A. 
Aston, James 
Atwater, C. G. 
Austin, W. H. A. 


Baackes, Frank 
*Bachelder, W. F. 
Badlam, Stephen 
~olakees le Ga tl les 
Baker, Walter H. 
*Baker, W. R. 
Baldwin, C. Kemble 
Baldwin, H. G. 
Baldwin, R. L. 
*Baldwin, W. A. 
Balkwill, George W. 
Baltzell, Will H. 


=Bankson, John P., Jr. 


Barashick, A. 


(*Guests) 


*Barbour, James W. 
*Barker, Albert E. 
*Barnard, Harvey T. 

Barnes, Charles A. 
*Barnum, J. P. 

Bartlett, Lyman 

Batchelder, W. O. 

Batchelor, E. D. 

Bayley, Guy D. 
“Beal, A. G. 

Beale, A. H. 
*Bean, Henry Willard 
*Beck, E. A. 

Becker, Joseph 
*Becket, F. M. 
*Beemer, Frank 
*Belcher, H. W. 

Bennett, C. W. 

Bentley, Robert 

Bever, John J. 

Beyer, Lucius H. 
[bibles Ge. 

Biggert, C. F. 

Birney, E. H. 


*Bishop, Col. W. C. (V.C.) 


*Black, J. B. 

*Blake, John T. 
*Blaustein, L. 

Block, L. E. 

Block, P. D. 
Blowers, William B. 
*Boehm, Frank 
*Boeker, O. F. G. 
Boley, Ernst W. 
Bonner, James B. 
*Booth, H. C. 
*Borgading, A. A. 

* Bourke, I." IN: 
Boutwell, Roswell M. 
*Bowers, E. C. 
*Boyd, James 

Boyd, Marcus 
Boyer, Pearce F. 
*Brace, Maxwell 
Bradley, Carl D. 


*Guest of Carl D. Bradley 
*Guest of Carl D. Bradley 


Bradley, Clinton 8. 
*Bradley, Francis 
Bradley, H. 8S. 
*Bradley, H. T. 
*Bragg, A. J. 
Braid, A. EF. 


*Brandeis, Eugene 
*Brangham, W. G. 
*Brangham, W. T. 
*Bransome, E. D. 
*Branston, G. D. 
*Breitung, Max 
*Bretland, C. W. 
*Brewster, John H. 
*Briggs, L. W. 
Brion, Lester 
Brokenshire, E. L. 
Brotherton, F. C. 
*Brown, A. J. 
Brown, Charles M. 
Brown, Fayette 
*Brown, Francis M. 
*Brown, Harold B. 
’ Brown, . D: 


*Brown William Averell 


*Brown, W. J. 
*Brown, W. W. 
Browne, deCourcy 
*Browning, R. R. 
*Brownrigg, J. N. 
*Brudi, William 
Brunke, F. C. 
Bryan, C. W., Jr. 
*Bryan, J. El. 
Buck, C. A. 
Budd, R. B. 
*Buill, Bs GC: 
Buell, James A. 
*Buest, H. I. 


*Buffington, D. T. 


Buffington, EH. J. 
Burden, I. Townsend 
Burden, James A. 
*Burden, Jas. A., Jr. 
Burden, Williams 
*Burnes, HE. J. 
*Burnett, L. D. 
Burton, Carroll 
Bush, D. Fairfax 
*Butler, Allen 
*Byrne, J. J. 


*Callow, W. K. 
*Campbell, N. A. 
Campbell, R. D. 
Canda, Abeel 
Canda, F. Mora 
Canron, R. A. 
Carey, A. W. 
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*Carpenter, W. T. C. 
*Carroll, W. J. 
Carruthers, J. G. 
Carse, David B. 
Carse, John B. 
Carson, George C., Jr. 
Carter, Emmett B. 
*Carter, G. O. 
*Carty, H. A. 
Casey, F. Y. 
*Casey, G. R. 
*Casterton, J. W. 
*Chaffe, John 
*Chambers, C. EH. 
“Champlin, J. N. 
*Chandler, H. T. 
Chapin, A. H. 
*Chapman, E. J. 
Chapman, Niles 
*Charles, J. 8. 
Charls, George H. 
Cherry, C. A. 
*Childs, A. C. 
Childs Ges. 
*Chisholm, C. G. 
Christ, E. W. 
Christian, A. W. 
*Clapp, R. H. 
Clarage, Arthur T. 
*Clark, D. G. 

Clark, Edward F. 
Clark, Eugene B. 
*Clark, E. W. 
Clark, F, E. 
Clark, John B. 
*Clark, John B., Jr. 
*Clark, K. L. 
Clark, Ralph W. 
Clarke, C. B By 
Clarke, eA es; 
*Claussen, J. A. 
*Cleary, W. B. 
*Clements, B. A. 
*Clinedinst, W. W. 
Clingerman, W. H, 
Close, C. L. 

Cluff, Charles C. 
Clyde, William G. 
*“Codhunter, William 
Cohen, F. W. 


Colbert, Charles F., Jr. 


it ‘oleman, B. Dawson 
Colladay, i. i. 
*Collin, W. W. 
*Colling, A. F, 
*Collins, C. I. 
Collins, E. O, 
*Colvin, Grattan 
*Conarro, H. W. 
*Condit, E. A., Jr. 
*Conklin, Roscoe 
Connell, E 


*Connell, H. R. 
Connors, G. W. 
*Conroy, E. F. 

Cook, Howard H. 
*Cook, 8. H. 

Coons, Perry T. 
*Cooper, W. L. 
Corbett, W. T. 
*Corbus, HE. T. 
Cordes, Frank 
Corey, A. A.J, 
Cornelius, Henry R. 
*Corwin, Frank 
*Cosgrove, W. H. 
*Cotsifas, D, D. 
*Cotter, A. 

*Cotter, W. E. 
Coulby, Harry 
*Cowdrey, J. E. 
Cox, John L. 

Cox, Walter S. 
*Craig, E. S. 

Craig, S. N. 

*Craine, C. P. 
Crawford, George G. 
*Crawford, H. C. 
Crewe, Leonard C. 
Pcie oie J. H. 
Crosby, F. B. 
*Cross, L, W. 
Crotsly, A. W. 
Crowley, Dennis, Jr. 
*Curley, J. F. 
*Curley, J. M. 
“Curtis, F. Kingsbury 
Cutler, W. C. 


Daft, Andrew C. 
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“Dalton, Howard A. 
Dalton, H. G. 
Danforth, A. E. 
Danforth, George L. 
Darlington, Thomas 
*Dauchy, T. H. 
*Davenport, H. D. 
Davey, Albert I. 
Davey, John 
Davey, Samuel 
Davey, W. H. 
*Davidson, L. R. 
*Davidson, R. J., J1 
Davies, Albert P. 
Davies, George C. 
*Davies, W. R. 
Davis, Edward L. 
Davis, Goda. Ia. 
Davis, Henry J. 
*Davis, J. M. 
“Davis, J. Stanley 
*Davis, W. A. 
*Dawson, J. OC. 


*Dechant, F. H. 
*Dederer, O. R. 
DeLano, S. P. 
Deming, Fred C. 
*Denio, George L. 
*Denneny, George 
*Denyven, George W. 
Detmers, Arthur C. 
*Deutchbein, H. J. 
Deutsch, Lee 
Devens, H. F. 
*Guest of H. F. Devens 
Devens, Richard 
*Deweese, H. E. 
*Dice; A. ers 
Dickerson, A. V. 
*Dickey, William C, 
*Dickson, J. W. 
Diehl, A. N. 
Dietrich, A. J. 
Dinkey, A. C. 
Ditto, M. W. 
*Doane, George B., Jr 
Dohn, A. F. 
Donner, W. H. 
*Doran, C. 8. 
*Dornin, G. A. 
Dorsey, R. M. 
*Doster, Wadsworth 
*Doty, John W. 
Dowling, Eugene 
*Downey, J. 
Downey, James 
*Dows, David 
*Doyle, T. C. 
*Drake, C. P. 
Draper, T. P. 
*Driseoll, Paul J. 
Driver, F. L.,. Jr. 
*Durban, Thomas EF. 
*Ducommun, ©. A. 
*Dunean, J. E. 
*Dunlavy, C. Arthur 
*Dunning, E. E. 
Dunsford, J. R. 
Dyrssen, Waldemar 


Eager, William H. 
*Earp, C. H. 
*BKast, ‘G. D; 

Easton, H. M. 
*Eaton, J. O. 

Eaton, Wyman 
*Ebbert, G. S. 
*Eberlin, Barnard 
*Eekfeld, G. F. 
*“Edgeomb, H. L. 
“Edgecomb, Leslie 
“Kdgerley, W. H. 
*Edwards, C. 8. 
*Edwards, D. F. 

Edwards, Weed 
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Edwards, Gordon L. 
Egbert, Justus 
*Eller, H. D. 
Elliott, C. H. 
Ellis, J. M. 
*Elwell, D. 

*Kly, Harry 
*Embria, Mr. 
Emery, R. Edson 
Endicott, George 
“Evans, Charles T. 
Evans, George 
Eynon, D. L. 
Kynon, D. L. 


*Fairless, B. F. 
*Falck, G. 

Farkell, George C. 
*Farrell, Hugh 
Farrell, James A. 
*Farrell, J. A., Jr. 
Parrell, J. J. 
Farrell, R. G. 
*Farrell, W. K. 
elaerish, Ji. B. 
*Beeney, O. V. 
Fell, Charles 
Field, H. E. 
Filbert, W. J. 
Findley, A. I. 
Fink, George R. 
Finkl, Charles E. 
*Firth, William 
*Fish, J. L. 

Fisher, Charles A. 
*Wisher, Frank C. 
Fisher, P. L. 
miteh, Ji, A... Jr: 
Fitch, W. H. 
*Fleming, James 
*Fleming, R. D. 
Fleming, William J. 
Flora, A. N. 

*F lynn, T. C. 
*Fonger, A. D. 
Forbes, W. A. 
*Fornander, Axel 
*Forrest, A. 
Foster, Frank B. 
*Foster, R. L. 
Fowler, A. A. 
*France, Edward A. 
Francis, Lewis W. 
*Frank, Benjamin 
*Wraser,, G. C. 
Fraser, J. 8S. 
*Wreeman, J. V. 
*Freeman, William C. 
*French, HE. L. 
Frost, Frank R. 
Fry, Lawford H. 
*Fuchs, George 


Buller, EF. D, 
THullens ls (Se 
“Furness, Radelyffe 
“Purst, Stanley 8. 


Gaffney, A. T. 
Galbraith, A. T. 
*Galbreath, T. M. 
“Gallagher, John F, 
“Galloway, J. W. 
*Ganong, W. S. 
*Garihan, Edward L. 
*Garland, C. 8. 
*Garrett, H. S. 
*Garrett, R. M. 
Garrity, John E. 
Gary, Elbert H. 
Gathmann, Emil 
*Gathmann, Mark 
Gault, J. W. 
Gayley, H. Clifford 
Geissmann, Theodore 
*Gelzer; J. 

*Gerow, C. C. 


. Gerry, Roland 


Gewecke, J. H. 
“Gibson, G. R. 
Gilbert, i. 2: 
Gillespie, C. L. 
Gillespie, J. M. 
eGulles pie, il. )ls%) ts 
*Gillispie, R. W. 
Girdler, T. M. 
Glass, Andrew 
“Gleason, H. L. 
Gleason, W. P. 
*Glenn, R. M. 
Glenn, Thomas K. 
*Goedecke, Milton 
*Goldberg, H. 
*Goldsmith, Arthur 
*Goldsmith, B. J. 
*Gomber, W. J. 
*Goodfellow, Arthur N. 
*Goodrich, Peter 
Gordon, I". H. 
*Guest of F. H. Gordon 
*Guest of F. H. Gordon 
*Gordon, F. 8. 
Grace, E. G. 
*Graesser, Norman H. 
Graff, Everett D. 
*Graham, C. E. 
*Graham, E. H. 
“Grant, lel We 
Grayson, S. A. 
*Green, B. P. 
Green, W. McK. 
Greenstein, M. L. 
Greist, A. O. 
Gresham, W. B. 
Griffin, James C. 
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“Griffiths, A. A. 
*Gross, J. G. 
Gross, John M. 
Guba, P. M. 
*Guest, G. ©. 
*Guttzeit, C. W. 


Hackett, S. H. 
Hadley, W. E. 
Hadly, C. O. 
“Hager, Theodore W. 
*Hagerman, EH. A. 
*Haggerson, F. H. 
Haggerty, Frank L. 
SHall i. A. 

“aller, (Pa Ee Jims 
Halstead, Kenneth B. 
*Hamill, G. W. 
Hamilton, Alex. K. 
*Hamilton, B. E. 
*Hamilton, F. C. 
Hamilton, Frank E. 
Hamilton, Frank W. 
*Hamilton, H. J. 
Hamilton, Harold V. 
“Hamilton, Presley 
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*Haring, C. E. 
Haring, W. 8S. 
Harper, A. M. 
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Hatfield, Joshua A. 
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J. F. Havemeyer 
*Guest of 

J, F. Havemeyer 
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Hayes, Earl M. 
*Hayman, E. J. 
*Hays, George O. 
Hays, W. C. 
Hazeltine, B. P. 
Hazen, J. FE. 
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Hazlewood, Stuart 
*Healy, Ralph 
*Hedgeock, W. E. 
*Hedges, 8. H. 
Heffner, R. W. 
*Heggie, David 
*Heilman, G. H. 
Heitmann, F, A. 
*Helmel, Walter V. 
*Hemingway, Frank 
“Henry, oO, Saas 
Henshaw, J. O. 
*Herring, Major Alfred 
*Herrington, C. F. 
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*Higgins, Daniel F. 
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Higgins, W. B. 
*Higinbotham, N. J. 
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*Hitchner, A. E. 
Hobart, 8. O. 
Hobson, Robert 
*Hoerle, C. G. 
Hoerle, I. D. 
*Hofiman, J. IF. 
Hoffman, William L. 
*Holliday, W. J. 
Holmboe, L. 
Holmes, CG. O. 
*Holmes, J. E. 
Holmes, Jesse H., Jr. 
Holzworth, C. R. 
*Holzworth, E. H. 
Holzworth, W. C. 
Hood, A. W. 
Hoopes, E. 8. 
“Hoot, JG, 
*Hopkins, D. P. 
Horner, W. 8. 
Hosack, John P. 
Howard, Clarence H. 
Howard, John J. 
Howell, Alfred C. 
Howell, W. R. 
*Hoyland, Colin G. 
Hoyt, Elton, 2nd 
Hubbard, J. W. 
*Hubbell, Lyman P. 
Hufnagel, F. B. 
Hughes, H. L. 
Hughes, I. Lamont 
Hughes, John 


*Hughes, J. E. 


*Hughes, Mark F. 
*Hughes, W. C. 
Hughes, William H. 
*Hulick, William, Jr. 
Hulst, John 
Humbert, Frank U. 
Hume, J. E. N. 
*Humphrey, L. 
*Hundt, William H. 
*Hunsdorfer, F. A. 
*Hunt, A. E. 
Hunter, John A. 
Hurlbert, William G. 
*Hussey, H. D. 
Huston, A. F. 
Huston, F. R. 
*Huston, Norman 
Hutchinson, B. E. 
*Hutchinson, George 
Hutchinson, O. N. 
Hyatt, W. E 


*Igoe, Andrew 
*Igoe, James 
Igoe, Peter 
*Ingalls, G. H. 
*Ingels, H. P. 
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*Treland, J. Morris 
Irvin, W. A. 
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Ives, E. L. 
Ives, L. E. 


Jackman, D. E. 
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Johnson, M. E. 
*Johnson, T. M. 
Johnston, C. T. 
Johnston, Ellis M. 
Johnston, L. M. 
Jones, B. F., 3rd 
*Jones, Evan 
*Jones, Floyd 
*Jones, Frank H. 
*Jones, Frank W. 
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Jones, H. L. 
Jones, I. O. 

Lis 


Jones, J. 

Jones, J. M 
Jones, L. J 
*Jones, L. M 


* Jones, M. A. 
Jones, William 8. 


Kalman, Paul J. 
*Kauffman, E. J. 

Kaufholz, C. F. 
*Keating, Linus 

Keeney, R. M. 
*Kelly, John J. 

Kelly, M. B. 
*Kelly, No AG 
*Kelly, P. J. 
Kennedy, Julian 
*Kennedy, J. W. 

Kennedy, Thomas W. 
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*Kerin, A. J. 

Kerr, D. G. 
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*Kidd, W. 8S. 
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Kimball, G. C. 
= Kinet 
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*Kirkpatrick, H. B. 
*Kirkpatrick, T. L. 
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*Knaub, R. K. 
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*Konold, William 8. 
*Koons, Mr. 
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Korndorff, L. H. 
*Kracke, F. J. H. 

Krantz, A. J. 

Kranz, William G. 
*Kreutzberg, E. C. 

Kuker, S.- 


*Lacher, Gilbert L. 
Lackner, R. A. 
*Ladds, H. P. 
Lamont, R. P. 
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*Langenbach, Raymond 
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Lashar, W. B. 
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*Laub, Gustav 
*Laucks, S. Forry 
Lea, Robert C. 
*Lea, Rowland E. 
LeBarre, R. 8S. 
*Lee, H. 

Lehman, Irvin F, 
Lemoine, L. R. 
*Leonard, R. D. 
Leslie, F. B. 
Lewis, Grenville 
Lewis, H. E. 
*Lewis, Richmond 
*Lewis, T. L. 
*Limboeker, C. C. 
Linney, J. R. 
*Linsley, J. L. 
Lissberger, B. 
“Llewellyn, George W. 
Llewellyn, John T. 
Llewellyn, Paul 
Locke, Wilbur Sargent 
“Lockwood, A. J. 
Lockwood, Harry S. 
*Loengard, R. O. 
*Loomis, E. W. 
Loomis, F. H. 
*Loughman, E. D. 
Lovejoy, Fred B. 
*Lowe, L. J. 

*Loy, Carl 

Lueas, George C. 
Lundie, John 
Luria, Alex. L. 
*Luria, Max 

- Lustenberger, L. C. 
Lyman, Frank 
Lyneh, H. B. 
“Lynch, Warren J. 
*Lyon, W. B. 


MacCleary, W. M. 
*MacCornack, Clyde 
MacGregor, H. B. 
*MacKenzie, William J. 
*MacMillan, William 
*MacMurray, Donald 
MeAlarney, J. H. 
*MecAuliffe, John, Jr. 
*McCarthy, J. P. 
McCauley, John E. 
*MecClasky, W. C. 
McCleary, E. T. 
McCormick, S. L. 
*McCreary, B. F. 
McDonald, L. N. 
MeDonnell, E. J. 
*McDowell, Henry B. 
MeFarland, A. J. 
McFate, William M. 
McGrady, J. W. 
*McGrath, C. H. 


*“MecGrath, Frank J. 
*“MeGrath, Hugh F. 
McGraw, T. H., Jr. 
*“McHose, Charles W. 
Mellravy, W. N. 
*MeclIntyre, W. W. 
McKaig, C. V. 
*McKay, William E. 
McKelvey, E. N. 
McKee, A. G. 
*“McKeon, Robert M. 
“McKinney, Harry D. 
*McKinney, J. P., Jr. 
*McKinney, R. B. 
McKinney, R. G. 
*MecKnight, C. H. 
*McLean, Charles 
*McMinn, J. R. 
*McNally, E. J. 
*McNamara, J. F. 
*McQuade, H. J. 
*Macdonald, A. E. 
Mace, A. W. 
Mackall, Paul 
*Mackenson, E. 
*Mackenzie, M. 
*Mackey, C. FP. 
*Macon, W. W. 
Maguire, W. G. 
*Guest of W. G. Maguire 
*Maher, George A. 
*Mahon, R. V. 
*Maloney, J. E. 
*Manst, J. R. 
Manville, Tracey F. 
Marble, A. B. 
Markey, John J. 
*Markey, Joseph T. 
*Marran, V. P. 
Marshall, John F. 
*Martin, Frank J. 
*Massey, R. H. 
*Matchett, Thomas 
Mathews, J. A. 
*Mathewson, E. P. 
Mathias, D. R. 
*Maurhoff, P. A. L. 
May, Herbert A. 
*May, John 
*Meaker, J. W. 
*Meals, S. M. 
Meissner, C. A. 
*Meissner, Harold 
*Mercer, L. D. 
*Mero, H. J. 
Meyer, Arthur L. 
*Meyer, George L. 
Meyers, F. 
Miller, C. L. 
*Miller, C. R., Jr. 
*Miller, J. Alfred, Jr. 
*Miller, J. F. 
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Miller, Laurence F. 
Miller, Louis H, 
*Miller, R. C. 
Miller, Ward A. 
*Miller, W. Grant 
*Miller, W. J. 
*Miller, W. W. 
Millhouse, William E, 
*Mills, E. D. 

Mills, Edwin S. 
Mills, James R. 
*Mitchell, G. B. 
Mitchell, Harbour 
*Mitchell, J. Wallace 
*Moberg, E. L. 
*Moechel, Louis 
*Mofitt, EH.. H: 
Mogan, C. J. 

*Mohr, G. K. 
Moise, B. C. 
*Monks, J. J. 
*Moore, George 
Moore, Howard K. 
*Moore, Lucien 
*Moore, Thomas Y. 
*Moran, E. F. 
Moreland, W. C. 
*Morgan, G. H. 
Morgan, W. H. 
Morris, A. F. 
*Morris, W. Cullen 
Morris, W. J. 
Morrow, Hugh 
*Morse, E. O. 
*Morse, F. L. 
*Motherwell, A. A. 
Mozier, M. L. 
Mueller, Otto 
*Mulhall, Walter 
*Mummiert, M. A. 
*Munch, Dr, P. 
*Munch, Mr., Jr. 
*Munn, C. G. 
*Munro, R. F. 
*Munroe, D. G. 
*Murphy, A. R. 
*Murphy, Deane 
*Myers, W. J., Jr. 


*Nagel, Hon. Charles 
Naugle, H. M. 
*Naumberg, Carl T. 
*Naumberg, W. 
Neal, Albert D. 
*Neave, A. A. 
*Neeb, Peter D. 
*Nelson, L. A. 
*Nelligan, W. H. 
*Nessle, J. B. 
*Newell, Marshall N. 
*Newman, R. S. 
Newton, H. B. 
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Nicholas, R. 
*Nicholson, C. B. 
Nicholson, J. H. 
*Niederwiesen, R. E. 


Nields, Benjamin, Jr. 


*Guest of B. Nields 
*Guest of B. Nields 
Niemann, C. F. 
*Nivison, R. E. 
*Norris, Alfred E. 
Norris, George L. 
*Northam, B. L. 
*Norton, Brownrigg L. 
Norton, Frank L. 
*Norton, R. H. 
*Noyes;, ALD: 


O’Brien, P. W. 
Ogden, F. A. 
*Ogden, W. B. 
*Ohl, R. B. 
*Olds, Irving 8. 
Oliver, Henry 
Oliver, W. H. 
POnstoLT, act 
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O’Shea, B. 
*Outwater, H. T. 
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*Page, Rufus W. 
*Paine, Eustis 
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Palmer, William P. 
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*Parker, C. 
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sa Ed CTR Foe 
*Patterson, A. M. 
*Patterson, J. W. 
*Patterson, S. B. 
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Pearson, H. B.; Jr. 
*Pease, J.D. 

*Peck, A. E. 

Peck, C. J. 
Peckitt, Leonard 
Pendleton, John 8. 
Pennock, C, A. 
Perkins, H. F. 
Perkins, William H. 
*Perkins, W. T, 
Perry, J. BE. 

Peters, Richard, Jr. 
Petinot, N. 

Pettis, Clifton D. 
*Pettis, William M. 
Pfeiff, L. 
*Pfeiffer, Charles 


“Piteliz, A.B. 
Pflager, Harry M. 
Philips, F. Rees 
Phillips, W. Vernon 
Phillipson, B. F. 

*Pickett, Francis N. 
Pilling, J. Ross 
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Piper, Arthur E. 
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*Porter, A. J., Jr. 
Porter, J. W. 
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*Poucher, R. B. 
*Poucher, R. I. 

Pratin see 

Prendergast, W. C. 

Price, i. 

Price, J: M. 
*Priestley, W. J. 
*Prince, C. A. 

Prosser, Thomas D. 
*Pumphrey, E. D. 
*Pureell, W. H. 

Purnell, Frank 


Quarrie, B. D. 
*Quasdorf, H. C. 
*Queeny, E. M. 

Queneau, A. L. 

Quinn, Clement K. 


*Rainear, C. J. 
*Raleigh, Charles J. 
Ramage, William Haig 
*Ramsay, Arthur J. 
*Ramsey, W. H. 
Raymond, H. A. 
*Raymond, Robert 
*Reason, BE. L. 
*Rebeske, E. C. 
*Reed, N. C, 

*Reed, R. B. 

Reed, Walter 8S. 
*Reese, J. 

Reeves, Samuel J. 
*Reeves, W. H., Jr. 
Reiber, J. Louis 
Reid, G. H. 

*Reid, John W. 
Reilly, Edgar J. 
Reilly, W. C. 

Reis, John 

*Reitler, Ivan 
*Remensnyder, E. J. 
*Remington, Franklin 
*Reno, R. S. 
Reynders, John V. W. 
Rhodes, C. H, 

*Rice, N. M. 


Richards, F. B. 
Richardson, F. E. 
*Riddell, John F., Jr. 
*Rider, George W. 
*Ridge, W. N. 
*Riley, J. Joseph 
*Ritchie, C. F. 
*Roach, W. O: 
*Roberts, Joseph H. 
Roberts, W. F. ; 
Robertson, James D. 
Robertson, W. F. 


*Robinson, Mr. 
Robinson, C. R. 
Robinson, Ca. 

*Robinson, Ds Pe 
Robinson, i: 6 


*Robinson, Herbert W. 
*Robinson, egies | S. 
Robinson, Oe 
Rockwell, L D. 
Rodman, Clarence W. 
Roe, James P; 
*Roemer, Henry A. 
Roesch, J. A., Jr. 
Romeyn, Radcliffe 
*Root, FJ: 

Rose, George E. 
*Rosenberger, E. W. 
Rosenkranz, Max 
*Roser, C. G. 

Ross, L. P. 

*Routh, George A. 
*Rowe, F. W. 
*Rowe, W. S. 

Ruder, W. E. 
*Ruehe, Frank 
Rugg, D. M. 
*Rukeyser, M. S. 
*Rushmore, Geo. C. 
*Russell, A. G. 
Russell, N. F. 8. 
*Russell, T. D. 
Rust, E. M. 

Rust, H. B. 

Rust, 8. M. 

Rust, W. F. 
*Rutherford, W. 8S. 
Ryerson, Donald M. 
Ryerson, Joseph T. 


Sagendorph, George A. 
“Sagendorph, Lloyd 
*Sager, F. W. 

St. Clair, Frank G. 
*Saklatwalla, BaD: 
Samuel, Frank 
Sanderson, Richard 
Satterthwaite, George 
“Sauer, Carl J. - 
*Saxman, M. W. 
Schaefer, Philip 
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*Smith, W. L. *Taylor, H. A. *Wallis, W. B. 
*Smyth, W. B. *Taylor, William ©. *Walsh, ©. E. 
*Snellgrove, W. E. *Telfer, Andrew Walters, F. W. 
*Snodgrass, H. E. Mevitt, .- Et. Walton, H. G. 
*Snow, L. B. Thomas, A. J. Ward, J. H. 
*Snyder, Clayton *Thomas, C. E. *Warley, H. W. 
Snyder, George T. Thomas, C. S. Warren, J. B. 
*Snyder, J. K. Thomas, E. B. *Warren, N. W. 
Snyder, Q. S. Thomas, E. P. Waterman, F. M. 
Snyder, W. T. Thomas, George, 3rd *Watson, G. E. 
Soderberg, Andrew W. *Thomas, J. H. Watson, W. E. 
Solomon, Max Thomas, W. A. Wayland-Smith, Richard 
Somers, Joseph T. Thompson, David P. Wean, R. J. 
*Somes, F. : Thompson, Edward D. Webb, Francis J. 
*Soutar, H. W. “Thompson, Frank C. Wegener, E. R. 
*Southwell, R. J. *Thompson, J. T. *Weidlein, L. B. 


Spackman, G. D. *Thomson, L. 8. *Weiss, Frank A. 
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*Weitzenlson, J. W. 
Welch, W. W. 
Weld, C. Minot 
Wells, R. G. 
*Wentz, E. H. 
West, Arthur 
*West, Harry J. 
West, J. G., Jr. 
Weston, W. B. 
Wetherell, L. H. 
*Wetstein, E. L. 
*Wetzel, John E. 
Weymouth, F. A. 
*White, C. 8. 
White, G. A. 
White, Herbert R. 
*White, Hubert 
*White, W. F. 
*White, W. Foster 
*Whitaker, H. A. 
*Whitehead, J. J. 
*Whitehead, J. W. 
*Whiting, C. W. 
*Whiting, F. T. 
Whitney, H. LeRoy 
*Whitney, R. H. 
Whitworth, E. A. 
Wight, S. B. 
*Wilder, Mr. 


Wiley, Brent 

Wilkin, John T. 
Wilkinson, H. S. 
Willard, Leigh 
Willcox, F. H. 
*Willetts, C. R. 
*Willey, Col. F. Vernon 
*Willey, Guy A. 
*Williams, A. W. 
*Williams, B. P. 
Williams, D. A. 
Williams, E. 
*Williams, 
Williams, 
*Williams, R. 
*Williams, W. W. 
*Williard, A. R. 
Wilson, Willard 
Winekler, E. E. 
*Wing, W. S. 
*Witbeck, Clark 
Witherow, W. P. 
Wolcott, R. W. 
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*Wolf, D. O. 

Wood, Charles L. 
Wood, EH. T. 

Wood, Howard, Jr. 
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*Wood, W. M. 
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Woods, Thomas 
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Worth, E. H. 

Worth, W. A. 
Worton, Samuel G. 

*Wright, C. W. 
Wright, J. D. 
Wright, S. D. 
Wright, William H. 
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* Viates, 5. 
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Younglove, E. H. 
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Zimmerman, R. E. 
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